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To you, Sir, as our highest British authority on fossil fishes, I take 
the liberty of dedicating this little Tolnme. In tracing the his- 
tory of Creation, as illustrated in that ichthyic division of the Ter- 
tebrata which is at once the most ancient and the most exten- 
sirely preserred, I have introduced a considerable amount of fact 
and observation, for the general integrity of which my appeal 
must lie, not to the writings of my friends the geologists, but to 
the strangely significant record inscribed in the rocks, which it is 
their highest merit justly to interpret and faithfully to transcribe. 
The ingenious and popular author whose views on Creation I at- 
tempt controverting, virtually carries his appeal from science to 
the want of it. I would fain adopt an opposite course : And my 
use, on this occasion, of your name, may serve to evince the 
desire which I entertain that the collation of my transcripts of 
hitherto uncopied portions of the geologic history with the his- 
tory itself, should be in the hands of men qualified, by original 
vigour of faculty and the patient research of years, either to de- 
tect the erroneous or to certify the true. Further, I feel pe- 
culiar pleasure in availing myself of the opportunity furnished 



VI. DEDICATION. 

me by the publication of this little work, of giving expression to 
my sincere respect for one who, occupying a high place in so- 
ciety, and deriving his descent from names illustrious in history, 
has wisely taken up the true position of birth and rank in an en- 
lightened country and age ; and who, in asserting, by his modest, 
persevering labours, his proper standing in the scientific world, 
has rendered himself first among his countrymen in an interesting 
department of Natural Science, to which there is no aristocratic 
or " royal road." 

I have the honour to be. Sir, 

With admiration and respect, 

Your obedient humble servant, 

HUGH MILLER. 



TO THE READER. 



There are chapters in this little volume which will, I 
am afraid, be deemed too prolix by the general reader, 
and which yet the geologist would like less were there 
any portion of them away. They refer chiefly to or- 
ganisms not hitherto figured nor described, and must 
owe their modicum of value to that very minuteness of 
detail which, by critics of the merely literary t3rpe, un- 
acquainted with fossils, and not greatly interested in 
them, may be regarded as a formidable defect, suited to 
overlay the general subject of the work. Perhaps the best 
mode of compromising the matter may be to intimate, as 
if by beacon, at the outset, the more repulsive chapters ; 
somewhat in the way that the servants of the Humane 
Society indicate to the skater who frequents in winter 
the lakes in the neighbourhood of Edinburgh, those 
parts of the ice on which he might be in danger of 



losing himeelf, I would recommend, then, readers not 
particularly palaontological, to pass tmt lightly over the 
whole of my fourth and fifth chapters, with the latter 
half of the third, marking, however, as they skim the 
pages, the conclusions at which I arrive regarding the 
bulk and organization of the extraordinaty animal de- 
Hcribed, and the data on which these are founded. My 
hook, like an Irish landscape dotted with frreen hogs, 
has its portions on which it may be perilous for the un- 
practised surveyor to make any considerable stand, but 
across which he may safely take his sights and lay down 
his angles. 

It will, I trust, he found, that in dealing with errors 
which, in at least. their primary hearing. nKect questions 
of science, I have not offended against the courtesies of 
scientific controTersy. True, they are eirors which also 
involve moral conseijuences. There is a species of super- 
stition which inclines men to take on trust whatever 
assumes the name of science ; and which seems to be a 
iv-action on the old superstition, that had Ihith in witches, 
but none in Sir Isaac Newton, and believed in ghosts, 
but feiied to credit the Gregorian calendar. And, owing 
mainly to the wide diffusion of this credulous spirit of the 
modem type, as little disposed to examine what it re- 
ceives as its ancient unreasoning predecessiir, the deve- 
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lopment doctrines are doing mudi harm on both tides 
of the Atlantic, especially among intelligent mechanics, 
and a class of young men engaged in the subordinate 
departments of trade and the law. And the harm, tlius 
considerable in amount, must be necessarily more than 
merely considerable in degree. For it invariably hap- 
pens, that when persons in these walks become material- 
ists, they become also turbulent subjects and bad men. 
That belief in the existence after death, which forms the 
distinguishing instinct of humanity, is too essential a part 
of man's moral constitution not to be missed when away ; 
and so, when once feirly eradicated, the life and conduct 
rarely fail to betray its absence. But I have not, from 
any consideration of the mischief thus effected, written 
as if arguments, like cannon-balls, could be rendered 
more formidable than in the cool state by being made 
red-hot. I have not even felt, in discussing the ques- 
tion, as if I had a man before me as an opponent ; for 
though my work contains numerous references to the 
author of the " Vestiges," I have invariably thought on 
these occasions, not of the anonymous writer of the 
volume, of whom I know nothing, but simply of an in- 
genious, well-written book, unfortunate in its facts, and 
not always very happy in its reasonings. Further, I do 
not think that palasontological fact, in its bearing on the 



X. TO THE READER. 

points at iasue, k of such a doubtful complexion as to 
leave the geologist, however much from moral coaside- 
rationB in earnest in the matter, any very serious excuse 
for losing his temper. 

In ray reference to the three great divisions of the geo- 
logic scale, I designate as Palceozoie, all the fossiliferous 
rocks, from the first appearance of organic existence 
down to the close of the Permian system ; all as Se- 
condary, from the close of the Permian system down to 
the close of the Cretaceous deposits ; and all as Tertiary, 
fitim the close of the Cretaceous deposits down to the 
introduction of man. The wood-cuts of the volume, of 
which at least nine-tentlia of the whole represent objects 
never figured before, were draivn and cut by Mr John 
Adams of Edinburgh (8, Heriot Place), with a degree of 
care and skill which has left me no reason to regret my 
distance from the London artists and engravers. 80 fer 
at least as the objects could be adequately represented 
on wood, and in the limited space nt Mr Adams' com- 
mand, their truth is such, that I can safely recommend 
them to the palteontologist. In the accorapauying de- 
scriptions, and in my statements of geologic fact in 
general, it will, I hope, be seen that I have not exag- 
gerated the peculiar features on which I have founded. 
Tior rendered truth partial in order to make it serve a 
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purpose. Where I haye reasoned and inferred, the 
reader will of course be able to judge for himself 
whether the argument be sound or the deduction just ; 
and to weigh, where I have merely speculated, the 
probability of the speculation ; but as, in at least some 
of my statements of fact, he might lie more at my 
mercy, I have striven in every instance to make these 
adequately representative of the actualities to which 
they refer. And so, if it be ultimately found that on 
some occasions I have misled others, it will, I hope, be 
also seen to be only in cases in which I have been mis- 
taken myself. The first or popular title of my work, 
" Foot-prints of the Creator," I owe to Dr Hetherington, 
the well-known historian of the Church of Scotland. 
My other various obligations to my friends, literary and 
scientific, the reader will find acknowledged in the body 
of the volume, as the occasion occurs of availing myself 
of either the information communicated, or the organ- 
ism, recent or extinct, lent me or given. 
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THE LAKE OF STENNIS. 
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igsged in prosecatiog the lel 
posed task of examuiing in dMa 
Ji"*. the vanouB fossitiferoiu depodts < 
Scotland, m the hope of nltirnktel 
^ acqoamting myself with then) sU, 
extended my eiploistoty tsmbL 
about two jean ago, into the Mmii 
land of Orkney, and redded for soma time in the Ticinjl 
of StromnesB. 

This tras; seaport town forms that apedal centre, ia th: 
northern archipelago, from which tbo stmctare of the ei 
tire groDp can be most advantageously stadied. The gei 
logy of the Orkneys, like that of Calthnem, owes ita chii 
interest to the immense development which it eihibita < 
one forniation,^the Lower Old Red Sandstone, — and to tti 
extraordinary abnndance of its Tertebrate remaini. It 
not too much to affirm, that in the comparatively sma 
portion which this olnater of islanda contains of the titi 
part of a system regarded only a few years ago oi the le* 
fowiliferoas in the geologic scale, there are more foMl fii 
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enclosed than in every other geologic system in England, 
Scotland^ and Wales, from the Coal Measures to the Chalk 
inclusive. Orkney is emphatically to the geologist what a 
juvenile Shetland poetess designates her country, in chal- 
lenging for it a standing independent of the ** Land of Cakes," 
— a " Land of Fish ;'* and, were the trade once fitirly opened 
up, could supply with ichthyolites, by the ton and the ship- 
load, the museums of the world. Its various deposits, with 
all their strange organisms, have been uptilted from the bot- 
tom against a granitic axis, rather more than six miles in 
length by about a mile in breadth, which forms the great 
back-bone of the western district of Pomona ; and on this 
granitic axis, — fast jambed in between a steep hill and the 
sea, — stands the town of Stromness. Situated thus est the 
bottom of the upturned deposits of the island, it occupies ex- 
actly such a point of observation as that which the curious 
eastern traveller would select, in front of some huge pyra- 
mid or hieroglyphic-covered obelisk, as a proper site for his 
tent. It presents, besides, not a few facilities for studying, 
with the geological phenomena, various interesting points in 
physical science of a cognate character. Resting <m its gra- 
nitic base, in front of the strangely-sculptured pyramid of 
three broad tiers, — red, black, and gray, — which the Old 
Bed Sandstone of these islands may be regarded as forming, 
it is but a short half mile from the Great Conglomerate base 
of the formation, and scarcely a quarter of a mile more from 
the older beds of its central flagstone deposit ; while an hour's 
sail on the one hand opens to the explorer the overlying are- 
naceous deposit of Hoy, and an hour's walk on the other 
introduces him to the Loch of Stennis, with its curiously 
mixed flora and fauna. But of the Loch of Stennis and its 
prodooftioiM more anoii. 
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The day was hr spent when I reached Stromness ; but as 
I had a fine bright evening still before me, longer by some 
three or four degrees of north latitude than the midsommer 
evenings of the south of Scotland, I set out, hammer in 
hand, to examine the junction of the granite and the Great 
Conglomerate, where it has been laid bare bj the sea along 
the low promontory which forms the western boundary of 
the harbour. The granite here is a ternary of the usual compo- 
nents, somewhat intermediate in grain and colour between 
the granites of Peterhead and Aberdeen ; and the conglo- 
merate consists of materials almost exclusively derived from 
it, — evidence enough of itself, that when this ancient mecha- 
nical deposit was in course of forming, the granite,— exactly 
such a compound then as it is now, — was one of the snrfiM^ 
rocks of the locality, and much exposed to disintegrating in- 
fluences. This conglomerate base of the Lower Old Red 
Sandstone of Scotland, — which presents, over an area of many 
thousand square miles, such an identity of chancter, that 
specimens taken from the neighbourhood of Lerwick, in 
Shetland, or of Gamrie, in Banff, can scarce be distinguished 
from specimens detached from the hills which rise over the 
Great Caledonian Valley, or from the clifis immediately in 
front of the village of Ccmtin, — seems to have been f<Hined 
in a vast oceanic basin of primary rook, — a Palssozoic Hud- 
son's or Baffin's Bay, — partially surrounded, mayhap, by pri- 
mary continents, swept by numerous streams, rapid and head- 
long, and charged with the broken debris of the inhospi- 
table regions which they drained. The graptolite-bearing 
grauwacke of Banffshire seems to have been the only fossi- 
liferous rock that occurred throughout the entire extent of 
this ancient northon basin; and its few oiganisms now 
serve to open the sole vista through which the geological ex- 
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plorer to the north of the Grampians can catch a glimpse of 
an earlier period of existence than that represented by the 
ichthyolites of the Lower Old Red Sandstone. 

Very many ages must have passed ere, amid waves 
and currents, the water-worn debris which now forms the 
Great Conglomerate could have accumulated over tracts 
of sea-bottom from ten to fifteen thousand square miles in 
area, to its present depth of from one to four hundred feet. 
At length, however, a thorough change took place ; but 
we can only doubtfully speculate regarding its nature or 
cause. The bottom of the Palseozoic basin became greatly 
less exposed. Some protecting circle of coast had been 
thrown up around it ; or, what is perhaps more proba- 
ble, it had sunk to a profounder depth, and the ancient 
shores and streams had receded, through the depression, 
to much greater distances. And, in consequence, the de- 
position of rough sand and rolled pebbles was followed 
by a deposition of mud. Myriads of fish, of forms the 
most ancient and obsolete, congregated on its banks or shel- 
tered in its hollows ; generation succeeded generation, mil- 
lions and tens of millions perished mysteriously by sudden 
death ; shoals after shoals were annihilated ; but the pro- 
ductive powers of nature were strong, and the waste was 
kept up. But who among men shall reckon the years or 
centuries during which these races existed, and this muddy 
ocean of the remote past spread out to unknown and name- 
less shores around them t As in those great cities of the desert 
that lie uninhabited and waste, we can but conjecture their 
term of existence from the vast extent of their cemeteries. 
We only know that the dark, finely-grained schists in which 
tliey so abundantly occur must have been of comparatively 
slow fonnation, and that yet the thickness of the deposit 
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more than equals the height of our loftiest Scottish moun- 
tains. It would seem as if a period equal to that in which 
all human history is comprised might be cut out of a comer 
of the period represented by the Lower Old Red Sandstone, 
and be scarce missed when away : for every year during 
which man has lived upon earth, it is not improbable that 
the Pterickthys and its contemporaries may have lived a cen- 
tury. Their last hour, however, at length came. Over the 
dark-coloured ichthyolitic schists so immensely developed in 
Caithness and Orkney, there occurs a pale-tinted, unfossili- 
ferous sandstone, which in the island of Hoy rises into hills of 
from fourteen to sixteen hundred feet in height ; and among 
the organisms of those newer formations of the Old Red 
which overlie this deposit, not a species of ichthyolite iden- 
tical with the species entombed in the lower schists has yet 
been detected. In the blank interval which the arenaceouH 
deposit represents, tribes and families perished and disap- 
peared, leaving none of their race to succeed them, that 
other tribes and families might be called into being, and fall 
into their vacant places in the onward march of creation. 

Such, so far as the various hieroglyphics of the pile have yet 
rendered their meanings to the geologist, is the strange story 
recorded on the three-barred pyramid of Stromness. I traced 
the formation upwards this evening along the edges of the 
upturned strata, from where the Great Conglomerate leans 
against the granite, tiQ where it merges into the ichthyolitic 
flagstones ; and then pursued these from older and lower to 
newer and higher layers, desirous of ascertaining at what dis- 
tance over the base of the system its more ancient organisms 
first appear, and what their character and kind. And, em- 
bedded in a grayish-coloured layer of hard flag, somewhat 
less than a hundred yards over the granite, and about a 



6 8TROMNES8 

hundred and sixty feet over the upper stratum of the eon- 
glomeratOy I found what I sought^ — a well-marked bone, — 
in all probability the oldest vertebrate remain yet discover- 
ed in Orkney. What, asks the reader, was the character of 
this ancient organism of the Palaeozoic basin f 

As shown by its cancellated texture, palpable to the naked 
eye, and still more unequivocally by the irregular complexi- 
ty of fabric which it exhibits under the microscope, — ^by its 
speck-like life-points or canaliculi, that remind one of air- 
bubbles in ice, — its branching channels, like minute veins, 
through which the blood must once have flown, — and its 
general ground-work of irregular lines of corpuscular fibre, 
that wind through the whole like currents in a river stud- 
ded with islands, — ^it was as truly osseous in its composition 
as the solid bones of any of the reptiles of the Secondary, 
or the quadrupeds of the Tertiary periods. And in form it 
closely resembled a large roofing-nail. With this bone our 
more practised palseontologists are but little acquainted, for 
no remains of the animal to which it belonged have yet been 
discovered in Britain to the south of the Grampians,* nor, ex- 
cept in the Old Red Sandstone of Russia, has it been detect- 



* Since the above sentence was written and set in type, I have 
learned that my ingenious friend Mr Charles Peach of the Ca»- 
toms, Fowey, so well known for his palsBontologloal discoTeries, 
has just found in the Devonian system of Cornwall, fragments of 
what seem to be dermal plates of AjBteroUpis. It is a somewhat 
curious circumstance, that the two farthest removed extremi- 
ties of Groat Britain,— Cornwall and Caithness,— should be tip- 
ped by fossiliferous deposits of the same ancient system, and that 
organisms which, when they llred, were contemporary, should be 
found embedded in the rocks which rise over the British Channel 
on the one extremity, and overhang the Pentland Frith on the 
other. 
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ed anywhere on the Continent. Nor am I aware that, m,rt in 
the accompanying wood-cut (fig. 1)» it has eTer been figured. 
The amateur geologists of Caithness and Orkney ha^e, how- 
ever, learned to recognise it as the ** petrified nail.*' The 
length of the entire specimen in this instance was five 
seventh-eighth inches, the, transverse breadth of the head 
two inches and a quarter, and the thickness of the stem near- 
ly three-tenth parts of an inch. This nail-like bone formed 
a characteristic portion of the AaUrolqnt^ — so far as is yet 
known, the most gigantic ganoid of the Old Red Sandstone, 
and, judging from the place of this fragment, apparently one 
of the first. 

Fig.l. 




nrrmBMAL mioob or hyoid platx or AflTcaoi^BPia.* 
(One-third the natural aixe, linear.) 



* Figured from a Thurso specimen, slightly different in its pro- 
portions from the Stromness specimen described. 
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There were yarious considerations which led me to regard 
the '^ petrified nail" in this case as one of the most interest- 
ing fossils I had ever seen ; and, before quitting Orkney, to 
pursue my explorations farther to the south, I brought two 
intelligent geologists of the district,* to mark its place and 
character, that they might be able to point it out to geolo- 
gical visitors in the future, or, if they preferred removing 
it to their town museum, to indicate to them the stratum in 
which it had lain. It showed me, among other things, 
how unsafe it is for- the geologist to base positive conclu- 
sions on merely negative data. Founding on the fact that, 
of many hundred ichthyolites of the Lower Old Red Sand- 
stone which I had disinterred and examined, all were of 
comparatively small size, while in the Upper Old Red many 
of the ichthyolites are of great mass and bulk, I had in- 
ferred that vertebrate life had been restricted to minuter 
forms at the commencement than at the close of the system. 
It had begun, I had ventured to state in the earlier editions 
of a little work on the ^ Old Red Sandstone," with an age 
of dwarfs, and had ended with an age of giants. And now, 
here, at the very base of the system, unaccompanied by 
aught to establish the contemporary existence of its dwarfs, 
— which appear, however, in an overlying bed about a hun- 
dred feet higher up, — was there unequivocal proof of the ex- 
istence of one of the most colossal of its giants. But not un- 
frequently, in the geologic field, has the practice of basing 
positive conclusions on merely negative grounds led to a mis- 
reading of the record. From evidence of a kind exactly si- 
milar to that on which I had built, it was inferred, some two 



* Dr George Qarson, Stromness, and Mr William Watt, Jan., 
Skaall. 
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or three yean ago, that there had lived no reptiles during 
the pwiod of the Coal Measures, and no fish in the times of 
the Lower Silurian System. 

I extended my researches, a few days after, in an easterly 
direction from the town of Stromnoss, and walked for several 
miles along the shores of the Loch of Stennin,— a large lake 
ahout fourteen miles in circumference, bore and treolc^ss, like 
all the other lakes and lochs of Orkney, but picturesque of 
outline, and divided into an upper and lower sheet of water 
by two low, long promontories, tluit jut out from opposite 
sides, and so nearly meet in the middle as to be connscted 
by a thread-like line of road, half- mound, half-bridge. ** The 
Loch of Stennis," says Mr David Vedder, the sailor-poet of 
Orkney, ** is a beautiful Mediterranean in miniature.'* It 
gives admission to the sea by a narrow strait, crossed, like 
that which separates the two promontories in the middle, 
by a long rustic bridge ; and, in consequence of this pecu- 
liarity, the lower division of the lake is salt in its nether 
reaches and brackish in its upper ones, while the higher di- 
visioii is merely brackish in its nether reaches, and fresh 
enough in its upper ones to be potable. Viewed from the 
east, in one of the long, clear, sunshiny evenings of the Ork- 
ney summer, it seems not unworthy the eulogium of Ved- 
der. There are moory hills and a few rude cottages in front; 
and in the background, some eight or ten miles away, the bold, 
steep mountain masses of Hoy ; while on the promontories 
of the lake, in the middle distance, conspicuous in the land- 
scape, from the relief furnished by the blue ground of the 
surrounding waters, stand the tall gray obelisks of Stennis, 
•—one group on the northern promontory, the other on the 
south, 

" Old even beyond tradition's breath." 
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The shores of both the upper and lower divisions of the 
lake were strewed, at the time I passed, by a line of wradb, 
consisting, for the first few miles from where the lower loch 
opens to the se% of only marine plants, then of marine plants 
mixed with those of fresh-water growth, and then, in the 
upper sheet of water, of lacustrine plants exclusively. And 
the fauna of the loch is, I was informed, of as mixed a cha- 
racter as its flora, — ^the marine and fresh-water animals 
having each their own reaches, with certain debateable tracts 
between, in which each kind expatiates with more or less 
freedom, according to its specific nature and constitution, — 
some of the sea-fish advancing far on the fresh water, and 
others, among the proper denizens of the lake, encroaching 
far on the salt. The common fresh- water eel strikes out, I 
was told, farthest, into the sea-water ; in which, indeed, re- 
versing the habits of the salmon, it is known in various places 
to deposit its spawn. It seeks, too, impatient of a low tem- 
perature, to escape from the cold of winter, by taking refuge 
in water brackish enough, in a climate such as ours, to resist 
the influence of frost. Of the marine fish, on the other hand, 
I found that the flounder got greatly higher than any of 
the others, inhabiting reaches of the lake almost entirely 
fk«6h. I have had an opportunity elsewhere of observing a 
curious change which fresh water induces in this fish. In the 
brackish water of an estuary, the animal becomes, without di- 
minishing in general size, thicker and more fleshy than when 
in its legitimate habitat the sea : but the flesh loses in quality 
what it gains in quantity ; — it g^ws flabby and insipid, and 
the margin-fin lacks always its strip of transparent fai. But 
the change induced in the two floras of the lake, — ^marine and 
lacustrine, — is considerably more palpable and obvious than 
that induced in its two faunas. As I passed along the strait, 
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through whieh it givet ■dmwrion to tbo am, I foand tho 
oommoner fbcoidt of our w o rn c o mt a •treMning in great laxa- 
liance in the Udewaj, from the tionee and rocks of th«> bol- 
tom. I marked, among the othen, the two speciee of kelp- 
weed, eo well known to our Scotch kelp-bnmera,— fWw 
mtdomu and Fiicm tmomLomUy — flonrishing in their oncuHail- 
ed proportiooa ; and the not inelegant Jlalidrjfi tUiqmom^ or 
'"tree in the lea," presenting its amplest spread of pod and 
frond. A little fiuther in, Halidrjfi and Fmem§ modonu dis- 
appear, and Fumu vmetUomu becomes greatlj stunted, and 
no longer exhibits its characteristic double rows of blad- 
ders. But for mile after mile it continues to exist, blent with 
some of the hardier conferrsB, until at length it becomes as 
dwarfish and nearlj as slim of frond as the conferras them- 
selves ; and it is only bj tracing it through the intermediate 
forms that we succeed in convincing ourselves that, in the 
brown stunted tufts of from one to three inches in length, 
which continue to fringe the middle reaches of the lake, we 
have in realitj the well-known Fucus before us. Rushes, flags, 
and aquatic grasses maj now be seen standing in diminutive 
tufts out of the water ; and a terrestrial vegetation at least 
continues to exist, though it can scarce be said to thrive, on 
banks covered bj the tide at full. The lacustrine flora in- 
creases^ both in extent and luxuriance, as that of the sea di- 
minishes ; and in the upper reaches we fail to detect all trace 
of marine plants : the algae, so luxuriant of growth along the 
straits of this ** miniature Mediterranean,** altogether cease ; 
and a semi-aquatic vegetation attains, in turn, to the state of 
frillest development anywhere permitted by the temperature 
of this northern locality. A memoir descriptive of the Loch 
of Stennis, and its productions, animal and vegetable, such as 
old Gilbert White of Selbome could have produced, would 
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be at once a very valuable and curious document^ important 
to the naturalisty and not without its use to the geological stu- 
dent. 

I know not how it may be with others ; but the special 
phenomena connected with Orkney that most decidedly bore 
fruit in my mind, and to which my thoughts have most fre- 
quently reverted, were those exhibited in the neighbourhood 
of Stromness. I would more particularly refer to the cha- 
racteristic fragment of Asterclepiiy which I detected in its 
lower flagstones, and to the curiously-mixed, semi-marine, 
semi-lacustrine vegetation of the Loch of Stennis. Both 
seem to bear very directly on that development hypothesis, — 
fast spreading among an active and ingenious order of minds, 
both in Britain and America, and which has been long known 
on the Continent, — ^that would lain transfer the work of crea- 
tion from the department of miracle to the province of na- 
tural law, and would strike down, in the process of removal, 
all the old landmarks, ethical and religious. 



TIIK JlKVEUll'MBNT IIVf*UTII»JilK. 1.1 



THE DEVELOPMENT HYPOTHESIS, AND ITft 

CONSEQUENCtX 



EvBBT indiyidiuU, whatever itfl upecies or ordrr, bopii<« 
and increases nntil it attains to its state of fullrst develop- 
menty nnder certain fixed laws, and la contequemee of their 
operation. The microscopic monad dcvclopos into a feet us, 
the foetus into a child, the child into a man ; and, however 
marvellous the process, in none of its stu[^ is there the 
slightest mixture of miracle ; — from beginning; to end, all is 
progressive development, according to a determinate order of 
things. Has Nature, during the vast geologic periods, been 
pregnant, in like manner, with the human race f and is the 
q>ecie8, like the individual, an effect of progressive develop- 
ment, induced and regulated by law ! The assertors of the 
revived hypothesis of Maillet and Lamarck reply in the af- 
firmative. Nor, be it remarked, is there positive atheism 
involved in the belief. Grod might as certainly have origi- 
nated the species by a law of development, as he maintaifu it 
by a law of development ; — the existence of a First Great 
Cause is as perfectly compatible with the one scheme as with 
the other : and it may be necessary thus broadly to state the 
&ct, not only in justice to the Lamarckians, but also fairly 
to warn their non-geological opponents, that in this contest 
the old anti-atheistio arguments, whether founded on tbo 
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evidence of design or on the preliminary doctrine of final 
causes, cannot be brought to bear. 

There are, however, beliefs, in no degree less important 
to the moralist or the Christian than even that in the being 
of a Grod, which seem wholly incompatible with the develop- 
ment hypothesis. If, during a period so vast as to be scarce 
expressible by figures, the creatures now human have been 
rising, by almost infinitesimals, from compound microscopic 
cells, — minute vital globules within globules, begot by elec- 
tricity on dead gelatinous matter, — until they have at length 
become the men and women whom we see around us, we must 
hold either the monstrous belief, that all the vitalities, whether 
those of monads or of mites, of fishes or of reptiles, of birds 
or of beasts, are individually and inherently immortal and 
undying, or that human souls are wA so. The difference be- 
tween the dying and the undying, — between the spirit of the 
brute that goeth downward, and the spirit of the man that 
goeth upward, — ^is not a difference infinitesimally, or even ato- 
mically wmM, It possesses all the breadth of the eternity to 
come, and is an ififinMy great difference. It cannot, if I may 
so express myself, be shaded off by infinitesimals or atoms ; 
for it is a difference which — as there can be no class of beings 
intermediate in their nature between the dying and the undy- 
ing — admits not of gradation at all. What mind, regulated by 
the ordinary principles of hmnan belief, can possibly hold that 
every one of the thousand vital points which swim in a drop of 
stagnant water are inherently fitted to maintain their individu- 
ality throughout eternity f Or how can it be rationally held 
that a mere progressive step, in itself no greater or more im- 
portant than that effected by the addition of a single brick to 
a house in the building state, or of a single atom to a body in 
the growing state^ could ever have produced immortality ! 
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And jety if the ipint of a monad or of a moUnae ba Boi im- 
mortal, then most there either have been a point in the hia- 
tory of the species at which a djing brute — differing htmm 
its oflbpring merelj by an inferiority of development, repre- 
sented by a few atoms, mayhap by a sin^e atom — ^prodoced 
an undying man, or man in his present state must be a mere 
animal, possessed of no immortal soul, and as irresponsible 
for his actions to the God before whose bar he is, in conse- 
quence, never to appear, as his presumed relatives and pro- 
genitors the beasts that perish. Nor will it do to attempt 
escaping from the difficulty, by alleging that God at some 
certain link in the chain wu^ have converted a mortal crea- 
ture into au immortal existence, by breathing into it a ** liv- 
ing soul ;** seeing that a renunciation of any such direct in- 
terference on the part of Deity in the work of creation forms 
the prominent and characteristic feature of the scheme^ — 
nay, that it constitutes the very nucleus round which the 
scheme has originated. And thus, though the development 
theory be not atheistic, it is at least practically tantamount 
to atheism. For, if man .be a dying creature, restricted in 
his existence to the present scene of things, what does it 
really matter to him, for any one moral purpose, whether 
there be a God or no ! If in reality on the same religi- 
ous level with the dog, wolf, and fox, that are by nature 
atheutBf — ^a nature most properly coupled with irresponsibi- 
lity, — to what one practical purpose should he know or be- 
lieve in a God whom he, as certainly as they, is never to 
meet as his Judge I or why should he square his conduct by 
the requirements of the moral code, farther than a low and 
convenient expediency may chance to demand f* 

* The Continental assertors of the deTelopment hypothesis ar« 
greatly more frank than those of oar own country regarding the 
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Nor does the purely Christian objection to the development 
hypothesis seem less, but even more insuperable than that 
derived from the province of natural theology. The belief 
which is perhaps of all others most fundamentally essential 
to the revealed scheme of salvation, is the belief that ^ God 
created man upright," and that man, instead of proceeding 
onward and upward from this high and fair beginning, to a 
yet higher and fairer standing in the scale of creation, sank, 
and became morally lost and degraded. And hence the ne- 
cessity for that second dispensation of recovery and restora- 
tion which forms the entire burden of God's revealed mes- 
sage to man. If, according to the development theory, the 



" life after death,** and what man has to expect from it. The in- 
dividual, they tell us, perishes for ever ; but, then, out of his re- 
mains there spring up other vitalities. The immortality of the 
sonl is, it would seem, an idle figment, for there really exist no 
such things as souls; but is there no comfort in being taught, in- 
stead, that we are to resolve into monads and maggots ? Job 
solaced himself with the assurance that, even after worms had 
destroyed his body, he was in the flesh to see God. Had Pro- 
fessor Oken been one of his comforters, he would have sought to 
restrict his hopes to the prospect of living in the worms. " If 
the organic fundamental substance consist of infusoria," says the 
Professor, " so must the whole organic world originate from in- 
fusoria. Plants and animals can only be metamorphoses of in- 
fusoria. This being granted, so also must all organizations eon- 
iiit of infusoria, and, during their destruction, dissolve into the 
same. Every plant, every animal, is converted by maceration into 
a mucous mass ; this putrifies, and the moisture is stocked with 
infusoria. Putrefaction is nothing else than a division of organ- 
isms into infusoria, — a reduction of the higher to the primary life. 
* * * Death is no annihilation, but only a change. One indi- 
vidual emerges out of another. Death is only a transition to an- 
other life, — not into death. This transition from one life to another 
takes place through the primary condition of the organic, or the 
mncM.^—Phyno'PkaoMophy, pp. 187-189. 
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progress of the ** first Adam*' was an upward progress ; the ex- 
istence of the ^ second Adam," — that ^ happier man,** accord- 
ing to Milton, whose special work it is to ** restore** and ** re* 
gain the blissful seat'* of the lapsed race, — is simpler a mean- 
ingless anomaly. Christianity, if the development theory be 
true, is exactly what some of the more extreme Moderate di- 
vines of the last age used to make it, — an idle and unsightly 
excrescence on a code of morals that would be perfect were 
it away. 

I may be in error in taking this serious view of the matter ; 
and, if so, would feel grateful to the man who could point out 
to me that special link in the chain of inference at which, 
with respect to the bearing of the theory on the two theolo- 
gies, — natural and revealed, — the mistake has taken place. 
But if I be in error at all, it is an error into which I find 
not a few of the first men of the age, — ^represented, as a 
class, by our Professor Sedgwicks and Sir David Brewstert, 
— have also fallen ; and until it be shown to 60 an error, and 
that the development theory is in no degree incompatible 
with a belief in the immortality of the soul, — in the responsi- 
bility of man to God as the final Judge,—- or in the Christian 
scheme of salvation, — it is every honest man's duty to protest 
against any ex parte statement of the question, that would in- 
sidiously represent it as ethically an indifferent one, or as un- 
important in its theologic bearing, save to ^ little religious 
sects and scientific coteries." In an address on the fossil 
flora, made in September last by a gentleman of Edinburgh, 
to the St Andrew's Horticultural Society, there occurs the 
following passage on this subject : — ** Life is governed by ex- 
ternal conditions, and new conditions imply new races ; but 
then, as to their creation, that is the ^ myttery of mytteriet* 
Are they created by an immediate fiat and direct act of the 
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Almighty ? or has He originally impressed life with an elas* 
ticity and adaptability^ so that it shall take upon itself new 
forms and characters, according to the conditions to which it 
shall be subjected I Each opinion has had, and still has, its 
advocates and opponents ; but the truth is, that tdenee^ so far 
as it knows, or rather so far as it has had the honesty and 
courage to avow, has yet been unable to pronounce a satisfac- 
tory decision. Either toay, U matten lUUe, physioaUy or moraUy ; 
either mode implies the same omnipotence, and wisdom, and 
foresight, and protection ; and it is only your little religious 
sects and scientific coteries which make a pother about the 
matter, — sects and coteries of which it may be justly said, 
that they would almost exclude God from the management 
of his own world, if not managed and directed in the way 
that they would have it." Now, this is surely a most unfair 
representation of the consequences, ethical and religious, in- 
volved in the development hypothesis. It is not its compa- 
tibility with belief in the existence of a First Great Cause 
that has to be established, in order to prove it harmless ; but 
its compatibility with certain other all-important beliefs, with- 
out which simple Theism is of no moral value whatever, — a 
belief in the immortality and responsibility of man, and in 
the scheme of salvation by a Mediator and Redeemer. Dis- 
sociated from these beliefis, a belief in the existence of a God 
is of as little ithieal value as a belief in the existence of the 
great sea-serpent. 

Let us see whether we cannot determine what the testi- 
mony of G«ology on this question of creation by development 
really is. It is always perilous to under-estimate the strength 
of an enemy ; and the danger from the development hypo- 
thesis to an ingenious order of minds, smitten with the novel 
fascinations of physical science, has been under-estimated very 
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cousiderably indeed. Save by a few studious men, who to 
the cultivation of Greology and the cognate branches add some 
acquaintance with metaphysical science, the general corre- 
spondence of the line of assault taken up by this new school 
of infidelity, with that occupied by the old, and the conse- 
quent ability of the assailants to bring, not only the recently 
forged, but also the previously-employed artillery into full 
play along its front, has not only not been marked, but even 
not so much as suspected. And yet, in order to show that 
there actually is such a correspondence, it can be but neces- 
sary to state, that the great antagonist points in the array of 
the opposite lines are simply the Icno of development venui 
the miraole of creation. The evangelistic Churches cannot, 
in consistency with their character, or with a due regard to 
the interests of their people, slight or overlook a form of error 
at once exceedingly plausible and consummately dangerous, 
and which is telling so widely on society, that one can scarce 
travel by railway or in a steam-boat, or encounter a group of 
intelligent mechanics, without finding decided trace of its 
ravages. 

But ere the Churches can be prepared competently to 
deal with it, or with the other objections of a similar class 
which the infidelity of an age so largely engaged as the pre- 
sent in physical pursuits will be from time to time originating, 
they must greatly extend their educational walks into the 
field of physical science. The mighty change which ha« 
taken place during the present century in the direction in 
which the minds of the first order are operating, though in- 
dicated on the foce of the country in characters which cannot 
be mistaken, seems to have too much escaped the notice of 
our theologians. Speculative theology and the metaphysics 
are cognate branches of the same science ; and when, as in 
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the last and the preceding ages, the higher philosophy of the 
world was metaphysical, the Churches took ready cognizance 
of the fact, and, in due accordance with the requirements of 
the time, the battle of the Evidences was fought on metaphy- 
sical ground. But, judging from the preparations made in their 
colleges and halls, they do not now seem sufficiently aware, 
— though the low thunder of every railway, and the snort of 
every steam-engine, and the whistle of the wind amid the 
wires of every electric telegraph, serve to publish the fact, 
— that it is in the departments of physics, not of metaphy- 
sics, that the greater minds of the age are engaged, — that 
the Lockes, Humes, Kants, Berkeleys, Dugald Stewarts, and 
Thomas Browns, belong to the past, — and that the philoso- 
phers of the present time, tall enough to be seen all the world 
over, are the Humboldts, the Aragos, the Agassizes, the Lie- 
bigs, the Owens, the Herschels, the Bucklands, and the Brew- 
sters. In that educational course through which, in this coun- 
try, candidates for the ministry pass, in preparation for their 
office, I find every group of great minds which has in turn in- 
fluenced and directed the mind of Europe for the last three 
centuries, represented, more or less adequately, save the last. 
It is an epitome of all kinds of learning, with the exception 
of the kind most imperatively required, because most in ac- 
cordance with the genius of the time. The restorers of classic 
literature, — the Buchanans and Erasmuses, — we see repre- 
sented in our Universities by the Greek and what are termed 
the Humanity courses ; the Galileos, Boyles, and Newtons, by 
the Mathematical and Natural Philosophy courses; and the 
Lockes, Kants, Humes, and Berkeleys, by the Metaphysical 
course. But the Cuviers, the Huttons, the Cavendishes, and 
the Watts, with their successors the practical philosophers of 
the present age, — ^men whose achievements in physical science 
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we fiud marked on the sur£Etce of the country in characters 
which might be read from the moon,~are not adequately re- 
presented ; — it would be perhaps more correct to say, that 
they are not represented at all ;* and the clergy as a class 
suffer themselves to linger far in the rear of an intelligent and 
accomplished laity, — a full age behind the requirements of 
the time. Let them not shut their eyes to the danger which 
is obviously coming. The battle of the Evidences will have 
as certainly to be fought on the field of physical science, as it 
was contested in the last age on that of the metaphysics. 
And on this new arena the combatants will have to employ 
new weapons, which it will be the privilege of the challenger 
to choose. The old, opposcni to these, would prove but of little 
avail. In an age of muskets and artillery, the bows and ar- 
rows of an obsolete school of warfare would be found greatly 
less than sufficient in the field of battle, for purposes either 
of assault or defence. 

^ There are two kinds of generation in the world," says 
Professor Lorenz Oken, in his ^ Elements of Physio-philo- 
sophy ;'' << the creation proper, and the propagation that is 
sequent thereupon, — or the ffenrraUo arigimaria and ieoundaria. 
Consequently, no organism has been created of larger size 
than an infusorial point. No organism is, nor ever has one 



*I trust that at least by and by there may be an exception 
claimed, from the general, but, I am sure, well-meant, censure of 
this passage, in favour of the Free Cbnrch of Scotland. It has 
got as its Professor of Physical Science, — thanks to the sagacity 
of Chalmers, — Dr John Fleming, a man of European reputation ; 
and all that seems further necessary, in order to secure the bene- 
fits contemplated in the appointment, is, that attendance on his 
course should be rendered imperatire on all Free Church candi- 
dates for the ministry. 
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been, created, which is not microscopic. Whatever is larger 
has not been created, but developed. Man has not been 
created, but developed.*' Such, in a few brief dogmatic sen- 
tences, is the development theory. What, in order to esta- 
blish its tmth, or even to render it in some degree probable, 
ought to be the geological evidence regarding it f The re- 
ply seems obvious. In the iirst place, the earlier fossils 
ought to be very tmaU in size ; in the second, very low in 
organization. In cutting into the stony womb of nature, in 
order to determine what it contained mayhap millions of 
ages ago, we must expect, if the development theory be true, 
to look upon mere embryos and foetuses. And if we find, 
instead, the full grown and the mature, then must we hold 
that the testimony of Greology is not only not in accordance 
with the theory, but in positive opposition to it. Such, palp- 
ably, is the prineipU on which, in this matter, we ought to 
decide. What are the facts ? 

The oldest organism yet discovered in the most ancient 
geological system of Scotland in which vertebrate remains 
occur, seems to be the Atterolepis of Stromness. After the 
explorations of many years over a wide area, I have detected 
none other equally low in the system ; nor have I ascertain- 
ed that any brother-explorer in the same field has been more 
fortunate. It is, up to the present time, the most ancient 
Scotch witness of the g^eat class of fishes that can in this case 
be brought into court ; nay, it is in all probability the oldest 
ganoid witness the world has yet produced ; for there appears 
no certain trace of this order of fishes in the great Silurian 
system which lies underneath, and in which, so far as geolo- 
gists yet know, organic existence first began. How, then, 
on the two relevant points, —bulk and organization,— does it 
answer to the demands of the development hypothesis ? Was 
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it a mere foetus of the finny tribe, of minute size, and imper- 
fect, embryotic faculty f Or was it of at least the ordinary 
bulk, and, for its class, of the average organization f May I 
solicit the forbearance of the non-geological reader, should 
my reply to these apparently simple questions seem unneces- 
sarily prolix and elaborate ! Peculiar opportunities of ob- 
senration, and the possession of a set of unique fossils, enable 
me to submit to our pahoontologists a certain amount of in- 
formation regarding this ancient ganoid, which they will 
deem at once interesting and new ; and the bearing of my 
statements on the general argument will, I trust, become ap- 
parent as I proceed. 
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It had been long known to the continental naturalists, that 
in certain Russian deposits, very extensively developed, there 
occur in considerable abundance certain animal organisms ; 
but for many years neither their position nor character could 
be satisfactorily determined. By some they were placed too 
high in the scale of oi^ganized being ; by others too low. Ku- 
torga,— a writer not very familiarly known in this country, — 
described the remains as those of mammals ; — the Russian 
rocks contained, he said, bones of quadrupeds, and, in especial, 
the teeth of swine: whereas Lamarck, a better known autho- 
rity, though not invariably a safe one, — for he had a trick of 
dreaming when wide awake, and of calling his dreams philo- 
sophy, — assigned to them a place among the corals. They be- 
longed, he asserted, as shown by certain star-like markings 
with which they are fretted, to the Polyparia. He even 
erected for their reception a new genus of Astrse, which he 
designated, from the little rounded hillock which rises in the 
middle of each star, the g^nus Manticularia, It was left to 
a living naturalist, M. Eichwald, to fix their true position 
zoologically among the class of fishes, and to Sir Roderick 
Murchison to determine their position geologically as ich- 
thyolites of the Old Red Sandstone. 
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Sir Roderick, on his return from his great Russian cam- 
paigns, — in which he fared far otherwise than Napoleon, 
and accomplished more, — submitted to Agassiz a series of 
fragments of these gigantic ganoids ; and the celebrated 
ichthyologist, who had been introduced little more than a 
twelvemonth before to the PterUhthy of Cromarty, was at 
first inclined to regard them as the remains of a large 
cuirassed fish of the Cephalaspian type, but generically new. 
Under this impression he bestowed upon the yet unknown 
ichthyolite of which they had formed part, the name Che- 
lomdhbhysy from the resemblance borne by the broken plates 
to those of the carpace and plastron of some of the Che- 
lonians. At this stage, however, the Russian Old Red 
yielded a set of greatly finer remains than it had previously 
furnished ; and of these, casts were transmitted by Profes- 
sor Asmus, of the University of Dorpat, to the British and 
London Greological Museums, and to Agassiz. ^ I knew 
not at first what to do," says the ichthyologist, ^ with bones 
of so singular a conformation that I could refer them to 
no known type." Detecting, however, on their exterior 
surfisices the star-like markings which had misled Lamarck, 
and which he had also detected on the lesser fragments sub- 
mitted to him by Sir Roderick, he succeeded in identify- 
ing both the fragments and bones as remains of the same 
genus ; and on ascertaining that M. Eichwald had bestowed 
upon it, from these characteristic sculpturiugs, the generic 
name AiUroUpia, or star-scale, he suffered the name which 
he himself had originated to drop. Even this second name, 
however, which the ichthyolite still continues to bear, is 
in some degree founded in error. Its true scales, as I shall 
by and by show, were not stelliferous, but fretted by a pecu- 
liar style of ornament, consisting of waved anastomn&vck^ 
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ridges, breaking atop into angular-shaped dots, scooped out 
internally like the letter V ; and were evidently intermedi- 
ate in their character between the scales which cover the 
GlyptoUpis and those of the Holoptyckvus, And the stellate 
markings which M. Eichwald graphically describes as mi- 
nute paps rising out of the middle of star-like wreaths of 
little leaflets, were restricted to the dermal plates of the 
head. 

Agassiz ultimately succeeded in classing t!ie bones which 
had at first so puzzled him, into two divisions, — interior and 
dermal ; and the latter he divided yet further, though not 
without first lodging a precautionary protest, founded on the 
extreme obscurity of the subject, into cranial and opercular. 
Of the interior bones he specified two, — a super-scapular bone, 
— imtprarSoaf)vla\re\ — that bone which in osseous fishes com- 
pletes the scapular arch or belt, by uniting the scapula to 
the cranium ; and a maxillary or upper jaw-bone. But his 
world-wide acquaintance with existing fishes could lend 
him no assistance in determining the places of the dermal 
bones: they formed the mere fragments of a broken puzzle, 
of which the key was lost. Even in their detached and irre- 
duceable state, however, he succeeded in basing upon them 
several shrewd deductions. He inferred, in the first place, 
that the AnUroUpis was not, as had been at first supposed, a 
cuirassed fish, which took its place among the Cephalaspians, 
but a strongly helmed fish of that Celacanth family to which 
the Holoptifehius and Glyptofepis belong ; in the second, that, 
like several of its bulkier cogeners, it was in all probability 
a broad, flat- headed animal ; and, in the third, that as its re- 
mains are found associated in the Russian beds with nume- 
rous detached teeth of large size, — the boar-tusks of Ku- 
torga, — which present internally that peculiar microscopic 
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character on which Professor Owen has erected his Den- 
drodic or tree-toothed family of fishes, — it would in all 
likelihood be fonnd that both bones and teeth belonged 
to the same group. ^ It appears more than probable/' he 
said, ** that one day, by the discovery of a head or an entire 
jaw, it will be shown that the genera Dendrodtu and AsUro- 
lepu form but one '* As we proceed, the reader will see how 
justly the ichthyologist assigned to the Asterolepis its place 
among the Celacanths, and how entirely his two other conjec- 
tures regarding it have been confirmed. '' I have had in 
general," he concluded, ** but small and mutilated fragments 
of the creature's bones submitted to me, and of these, even 
the sur£9u;e ornaments not well preserved ; but I hope the 
immense materials with which the Old Red Sandstone of 
Russia has furnished the savans of that country will not be 
lost to science ; and that my labours on this interesting genus, 
incomplete as they are, will excite more and more the atten- 
tion of geologists, by showing them how ignorant we are of 
all the essential facts concerning the history of the first inha- 
bitants of our globe." 

I know not what the savans of Russia have been doing for 
the last few years ; but mainly through the labours of an 
intelligent tradesman of Thurso, Mr Robert Dick, — one of 
those working men of Scotland of active curiosity and well- 
developed intellect, that give character and standing to the 
rest, — I am enabled to justify the classification and confirm 
the conjectures of Agassiz. Mr Dick, after acquainting him- 
self, in the leisure hours of a laborious profession, with the 
shells, insects, and plants of the northern locality in which 
he resides, had set himself to study its geology ; and with 
this view he procured a copy of the little treatise on the Old 
Red Slandstone to which I have already referred, and which 
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was at that time, as Agassiz*s Monograph of the Old Red 
fishes had not yet appeared, the only work specially devoted to 
the palaeontology of the system, so largely developed in the 
neighbourhood of Thurso. With perhaps a single excep- 
tion, — for the Thurso rocks do not yet seem to have yielded 
a Pteriohthysy — he succeeded in finding specimens, in a state of 
better or worse keeping, of all the various ichthyolites which 
I had described as peculiar to the Lower Old Red Sandstone. 
He found, however, what I had not described, — the remains 
of apparently a very gigantic ichthyolite ; and, communi- 
cating with me through the medium of a common friend, he 
submitted to me, in the first instance, drawings of his new 
set of fossils; and ultimately, as I could arrive at no sa- 
tis&ctory conclusion from the drawings, he with great libe- 
rality made over to me the fossils themselves. Agassiz's 
Monograph was not yet published ; nor had I an opportu- 
nity of examining, until about a twelvemonth after, the 
casts, in the British Museum, of the fossils of Professor 
Asmus. Besides, all the little information, deiived from 
various sources, which I had acquired respecting tlie Rus- 
sian Chelaniohthys, — for such was its name at the time, — re- 
ferred it to the cuirassed type, and served but to mislead. 
I was assured, for instance, that Professor Asmus regard- 
ed his set of remains as portions of the plates and paddles 
of a gigantic Ptenoktkyt of from twenty to 'thirty feet in 
length. And so, as I had recognised in the Thurso fossils 
the peculiarities of the Holoptyohian (Celacanth) family, I 
at first fiiiled to identify them with the remains of the great 
Russian fish. All the larger bones sent me by Mr Dick 
were, I found, cerebral ; and the scales associated with 
these indicated, not a cuirass-protected, but a scale-covered 
body, and exhibited, in their sculptured and broadly imbri- 
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Gated surfaces, the well-marked Celacanth style of disposition 
and ornament. But though I could not recognise in either 
bones or scales the remains of one ichthyolite more of the 
Old Red Sandstone, '' that could he regarded as manifesting 
as peculiar a type among fishes as do the Ichthyosauri and 
Plesiosauri among reptiles,'** I was engaged at the time in 
a course of enquiry regarding the cerebral development of 
the earlier vertebrata, that made me deem them scarce less 
interesting than if I could. Ere, however, I attempt com- 
municating to the reader the result of my researches, I must 
introduce him, in order that he may be able to set out with 
me to the examination of the Asterolqns from the same start- 
ing-point, to the Celacanth family, — indisputably one of the 
oldest, and not the least interesting, of its order. 

So far as is yet known, all the fish of the earliest fossilife- 
rous system belonged to the placoid or " broad plated** order, 
— a great division of fishes, represented in the existing seas 
by the Sharks and Rays, — animals that to an internal skele- 
ton of cartilage unite a dermal covering of points, plates, or 
spines of enamelled bone, and have their gills fixed. The 
dermal or cuticular bones of this order vary greatly in 
form, according to the species or family : in some cases they 
even vary, according to their place, on the same individual. 
Those button-like tubercles, for instance, with an enamelled 
thorn, bent like a hook, growing out of the centre of each, 
which run down the back and tail, and stud the pectorals of the 
thorn-back CBaia davataj, diflTer very much from the smaller 
thorns, with star -formed bases, which roughen the other parts 
of the creature's body ; and the bony points which mottle 



• Agassiz's deseription of the PterieJuhyi, as quoted by Humboldt, 
in his Coimoi. 
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the back and sides of the sharks are, in most of the known 
species, considerably more elongated and prickly than the 
points which cover their fins, belly, and snout. The extreme 
forms, however, of the shagreen tubercle or plate seem to be 
those of the upright prickle or spine on the one hand, and of 
the slant-laid, rhomboidal, scale-shaped plate on the other. 
Fig. 2. The minuter thorns of the ray 

(fig. 2, a) exemplify the extreme 
of the prickly type ; the fins, ab- 
domen, and anterior part of the 
head of the spotted dog-fish (So^lli- 
um iteUare), are covered by lozenge- 
shaped little plates, which glisten 
with enamel, and are so thickly set 
that they cover the entire surface of 
the skin, (fig. 3, 6) — and these seem 
equally illustrative of the scale- 
like form. They are shagreen 
points passing into osseous scales^ 
without, however, becoming really 
such ; though they approach them so nearly in the shape and 
disposition of their upper disks, that the true scales, also osse- 
ous, of the AocuUhodes nUocOus (fig. 3, a), a ganoid of the Coal 
Measures, can scarce be distinguished from them, even when 
microscopically examined. It is only when seen in section 
that the distinctive difference appears. The true scale of the 
Acanth, though considerably elevated in the centre, seems to 
have been planted on the skin; whereas the scale-like shagreen 
of the dog-fish is elevated over it on an osseous pedicle or 
footstalk (fig. 5, a), as a mushroom is elevated over the sward 
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on its stem ; and the base of the stalk Fig. 3. 

is found to resemble in its stellate cha- 
racter that of a shagreen point of the 
prickly type. The apparent scale is, we 
find, a bony prickle bent at right angles 
a little over its base, and flattened into 
a rhomboidal disk atop. 

In small fragments of shagreen (fig. ^ 
2, 6), which have been detected in the 
bone-bed of the Upper Ludlow Rocks »• Scales of AcanthodM 

(Upper saurian), and constitute the b. s*„^«n'o/ SyBium 
most ancient portions of this substance staiare (Snout). 
known to the palaeontologist, the osseous ****«• *^«''* diameters.) 
tubercles are, as. in the minuter spikes of the ray, of the 
upright thorn-like tpye ; — they merely serve to show that 
the placoids of the first period possessed, like those of the 
existing seas, an ability of secreting solid bone on their cuti- 
cular surfaces ; and that, though at least such of them as 
have bequeathed to us specimens of their dermal armature 
possessed it in the form farthest removed from that of their 
immediate successors the ganoid fishes, they resembled them 
not less in the substance of which their dermoskeletal, than 
in that of which their endoskeletal, parts were composed. 
For the internal skeleton in both orders, during these early 
ages, seems to have been equally cartilaginous, and the cuti- 
cular skeleton equally osseous. In the ichthyolitic forma- 
tion inmiediately over the Silurians, — that of the Lower 
Old Red Sandstone, — the ganoids first appear; and the 
members of at least one of the families of the deposit, the 
Acanths, — a family rich in genera and species, — seem to 
have formed connecting links between this second order 
and their placoid predecessors. They were covered with 
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a. ScdUi €^ C^Uiraean- 

tkH$ fhicroUpidotux. 

b. Shagreen oj Spinax 

AcarUhiiu. fSnoiU.) 
(Mag. eight diameters.) 

Fig. 6. 



true scales (fig. 4, a), and their free gills were protected 
Fig. 4. by gill-covers ; and so they must be re- 

garded as real ganoids; but as the sha- 
green of the spotted dog-fish nearly ap- 
proaches, in form and character, to ga- 
noid scales, without being really such, 
the scales of this family, on the other 
hand, approached equally near, without 
changing their nature, to the shagreen 
of the placoids, especially to that of the 
spiked dog'fiahiSpiiMxAcanthicu,) (Fig. 

4, 6.) We even find on their under 
surfaces what seems to be an approxi> 
mation to the characteristic footstalk. 
They so considerably thicken in the 
middle from their edges inwards (fig. 

5, c), as to terminate in their centres 
in obtuse points. With these sha- 
green-like scales, the heads, bodies, 
and fins of all the species of at least 
two of the Acanth genera, — ChHrcKcm- 
thus and Diplacantkut, — were as thick- 
ly covered as the heads, bodies, and 
fins of the sharks are with their sha- 
green ; and so slight was the degree 
of imbrication, that the portion of 
each scale overlaid by the two scales 
in immediate advance of it did not 

exceed the one-twelfth part of its entire area. In the scale 
of the CkeiracatUhut we find the covered portion indicated 
by a smooth, narrow band, that ran along its anterior edges, 
and which the farrows that fretted the exposed surfitce did 
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not trarerae. It may be added, that both genera had the 
anterior edge of their Hdb armed with strong spioea, — a i 
racteriatic of several of the PLocoid familiea. 

In the Dipterian genera Otitolepii and Diploj/lenu the acalpa 



were more uneqaivocally such 
than in tlie AcanthH, and mom 
removed from shagreen. The 
ander surface of each was 
traversed longitudinall}' by a 
raistid bur, which attached it 
to the skin, and which, in the 



Fig. 1 



remind one of the shagreen 
footstalk. They are, besides, 
of a rhciroboidal form; and, 
when seen in the liner apeci- 
mens, lying in their proper 
places on what had been unce 
the creature's body, they seem 
merely laid down side by aide 
in line, lilie those rows of 
glazed tiles tliat pave a. cathe- 
dra! dour; but on more careful 
examinatioa, wefind that eacii 
little tile was deeply grooved 
on its higher side and end (for 
it lay diagonally in rulatiun to 
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lateral and anterior neighbours impinged upon it along these 
grooves, to the extent of about one-third its area, — and that 
it impinged, in turn, to the same extent on the scales that 
bordered on it posteriorly and latero-posteriorly. Now, in 
the Celacanth family (and on this special point the foregoing 
remarks are intended to bear), the scales, which were gene- 
rally of a round or irregularly oval form (fig. 6, 6), overlapped 
each other to as great an extent as in any of the existing fishes 
of the cycloid or ctenoid orders, — to as great an extent, for 
instance, as in the carp, salmon, or herring. In a slated roof 
there is no part on which the slates do not lie double, and 
along the lower edge of each tier they lie triple ; — there is 
more of slate covered than of slate seen : whereas in a tile- 
roof, the covered portion is restricted to a small strip running 
along the top and one of the edges of each tile, and the tiles 
do not lie double in more than the same degree in which the 
slates lie triple. The scaly cover of the two genera of Dip- 
terians to which I have referred was a cover on the tiU-roof 
principle ; and this is an exceedingly common characteristic of 
the scales of the ganoids. The scaly cover of the Celacanths, 
on the other hand, was a cover on the skUe-roof principle ; — 
there was in some of their genera about one-third more of 
each scale covered than exposed ; and this is so rare a 
ganoidal mode of arrangement, that, with the exception of 
the Dipteru8j — a genus which, though it gives its name to 
the Dipterian sept, differed greatly from every other Dip- 
terian, — I know not, beyond the limits of the ancient Ce- 
lacanth family, a single ganoid that possessed it. The bony 
covering of the Celacanths wasfartkM removed in character 
from shagreen, as that of their contemporaries the Acanths 
approximated to it most nearly ; they were, in this respect, 
the two extremes of their order ; and, did we find the 
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Celaeanths in but the later geological formations, while the 
Acanths were restricted to the earlier, it might be argued 
by assertors of the development hypothesis, that the amply 
imbricated, slate-like scale of the latter had been developc^d 
in the lapse of ages from the shagreen tubercle, by passing 
in its downward course, — broadening and expanding as it 
descended, — through the minute, scarcely imbricated disks 
of the Acanths, and the more amply imbricated tile-like 
rhombs of the Dipterians and Palseonisci, until it had reach- 
ed its full extent of imbrication in the familiar modem type 
exemplified in both the Celacanths and the ordinary fishes. 
But such is not the order which nature has observed ; — the 
two extremes of the ganoid scale appear together in the same 
early formation ; both become extinct at a period geologically 
remote ; and the ganoid scales of the existing state of things 
which most nearly resemble those of ancient time are scales 
formed on the intermediate or tile-roof principle. 

The scales of the Celacanths were, in almost all the ge- 
nera which compose the family, of great size, — in some 
species, of the greatest size to which this kind of integu- 
ment ever attained. Of a Celacanth of the Coal Measures, 
the Hcloptychius Hibberiiy the scales in the larger speci- 
mens were occasionally from ^ve to six inches in diame- 
ter. Even in the Holoptyehiua NobUimmus, in an individual 
scarcely exceeding two and a half feet in length, they mea- 
sured from an inch and a half to an inch and three quarters 
each way. In the splendid specimen of this hist species, in 
the British Museum, there occur but fourteen scales between 
the ventrals, though these lie low on the creature's body, 
and the head ; and in a specimen of a smaller species, — the 
Holoptyohius Andenoni, — ^but about seventeen. The exposed 
portion of the scale was in most species of the family curious- 
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I7 fretted by intermingled ridges and furrows, pits and tuber- 
cles, which were either boldly relieved, as in the Holoptyckius, 
or existed, as in the Glyptolepisy as slim, delicately chiselled 
threads, lines, and dots. The head was covered by strong 
plates, which were roughened with tubercles either confluent 
or detached, or hollowed, as in the Bothriolepisy into shal- 
low pits. The jaws were thickly set with an outer range of true 
fish teeth, and more thinly with an inner range of what seem 
reptile teeth, that stood up, tall and bulky, behind the others, 
like officers on horseback seen over the heads of their foot- 
soldiers in front. The doMe fins, — pectorals and ventrals, — 
were characterized each by a thick, ang^ar, scale-covered 
centre, fringed by the rays ; and they must have borne exter- 
nally somewhat the form of the sweeping paddles of the Ich- 
thyosaurian genus, — a peculiarity shared also by the double 
fins of the Dipterua. The single fins, in all the members of the 
family of which specimens have been found sufficiently entire 
to indicate the fact, were four in number, — an anal, a caudal, 
and two dorsal fins ; and, with the exception of the anterior 
dorsal, which was comparatively small, and bent downwards 
along the back, as if its rays had been distorted when young,* 
they were all of large size. They crowded thickly on the 
posterior portion of the body, — the anterior dorsal opposite 
the ventrals, and the posterior dorsal opposite the anal fin. 
The fin-rays of the various members of the family, and such 
of their spinous processes as have been detected, were hol- 
low tubular bones ; or rather, like the larger pieces in the 
frame-work of the placoids, they were cartilaginous within, 
and covered externally by a thin osseous crust or shell, which 



* A peculiarity which also occurs in the anterior dorsal of the 
Diptenu. 
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alone survives ; and to this peculiarity they owe their funily 
name, Celacanth, or ** hollow-spine.'* The internal hollow, 
«. e. cartilaginous centre, was, however, equally a characteris- 
tic of the spinous processes of the Coecottew. In their gene- 
ral proportions, the Celacanths, if we perhaps except one 
species, — the GlyptoUpit Miorolepidotuiy — were all squat, ro- 
bust, strongly-built fishes, of the Dirk Hatterick or Balfour-of- 
Burley type; and not only in the larger specimens gigantic in 
their proportions, but remarkable for the strength and weight 
of their armour, even when of but moderate stature. The 
specimen of Holoptychius Nofnlmimui in the British Museum 
could have measured little more than three feet from snout 
to tail when most entire ; but it must have been nearly a 
foot in breadth, and a bullet would have rebounded flattened 
from its scales. And such was that ancient Celacanth family, 
of which the oldest of our Scotch ganoids, — the AtUroUpi» 
of Stromness, — formed one of the members, and which for 
untold ages has had no living representative. 

Let us now enter on our proposed inquiry regarding the 
cerebral development of the earlier vertebrata, and see 
whether we cannot ascertain after what manner the first 
true brains were lodged, and what those modifications were 
which their protecting box, the cranium, received in the sub- 
sequent periods. Independently of its own special interest, 
the inquiry will be found to have a direct bearing on our 
general subject. 
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CEREBRAL DEVELOPMENT OF THE EARLIER 

VERTEBRATA. 

ITS APPARENT PRINCIPLE. 



It is held by a class of naturalists, some of them of the highest 
standing, that the skulls of the vertebrata consist, like the 
columns to which they are attached, of vertebral joints, com- 
posed each, in the more typical forms of head, as they are in 
the trunk, of five parts or elements, — the centrum or body, 
the two spinous processes which enclose the spinal cord, and 
the two ribs. These cranial vertebrse, four in number, cor- 
respond, it is said, to the four senses that have their seat 
in the head : there is the nasal vertebra, the centrum of 
which is the vomer, its spinal processes the nasal and eth- 
moid bones, and its ribs the upper jaws ; there is the ocular 
vertebra, the centrum of which is the anterior portion of 
the sphenoid bone, its spinal processes the frontals, and its 
ribs the under jaws ; there is the lingual vertebra, the cen- 
tnim of which is the posterior sphenoid bone, its spinal pro- 
cesses the ])arietals, and its ribs the hyoid and branchial 
bones, — portions of the skeleton largely developed in fishes ; 
and, lastly, there is the auditory vertebra, the centrum of 
which is the base of the occipital bone, and its spinal pro- 
cesses the occipital crest, and which in the osseous fishes 
bears attached to it, as its ribs, the bones of the scapular 



OF THE EARLIER VERTEBRATA. 39 

ring. And the cerebral segments thus constructed we find 
represented in typical diagrams of the skull, as real verte- 
brae. Professor Owen, in his lately published treatise on 
** The Nature of Limbs," — a work charged with valuable Am^, 
and instinct with philosophy, — figures in his draught of the 
archetypal skeleton of the vertebrata, the four vertebm of 
the head, in a form as unequivocally such as any of the ver- 
tebras of the neck or body. 

Now, for certain purposes of generalization, I doubt not 
that the conception may have its value. There are in all 
nature and in all philosophy certain central ideas of general 
baaring, round which, at distances less or more remote, the 
subordinate and particular ideas arrange themselves^ 

** Cycle and epicycle, orb in orb." 
In the classifications of the naturalist, for instance, all tpeeiet 
range round some central (^Mric idea ; all genera round some 
central idea, to which we give the name of order ; all orders 
roiind some central idea of dan; all classes round some 
central idea of dvrinon ; and all divisions round the interior 
central idea which constitutes a kin^d&m. Sir Joshua Rey- 
nolds forms his theory of beauty on this principle of central 
ideas. ^ Every species of the animal, as well as of the vege- 
table creation," he remarks, '' may be said to have a fixed or 
determinate form, towards which nature is continually inclin- 
ing, like various lines terminating in a centre ; or it may be 
compared to pendulums vibrating in difiereut directions over 
one central point, which they all cross, though only one of 
their number passes through any other point." He in- 
stances, in illustrating his theory, the Grecian beau ideal 
of the human nose, as seen in the statues of the Greek 
deities. It formed a straight line ; whereas all deformity of 
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nose is of a convex or concave character, and occasioned by 
either a rising above or a sinking below this medial line of 
beauty. And it may be of use, as it is unquestionably of 
interest, to conceive, after this manner, of a certain type of 
skeleton, embodying, as it were, the central or primary type 
of all vertebral skeletons, and consisting of a double range 
of rings, united by the bodies of the vertebrae, as the two 
rings of a figure 8 are united at their point of junction ; the 
upper ring forming the enclosure of the brain, — spinal, and 
cephalic ; the lower that of the viscera, — respiratory, circu- 
latory, and digestive. Such is the idea embodied in Profes- 
sor Owen's archetypal skeleton. It is a series of verte- 
bras composing double rings, — their 6rai}t-rings compara- 
tively small in the vertebrae of the trunk, but of much greater 
size in the vertebrae of the head. But it must not be for- 
gotten, that central ideas, however necessary to the classi- 
fication of the naturalist, are not historic facts. We may 
safely hold, with the philosophic painter, that the outliiie 
of the typical human nose is a straight line ; but it would 
be very unsafe to hold, as a consequence, that the first men 
had all straight noses. And when we find it urged by at 
least one eminent assertor of the development hypothesis, — 
Professor Oken, — that light was the main agent in develop- 
ing the substance of nerve, — that the nerves, ranged in pairs, 
in turn developed the vertebrae, each vertebra being but ** the 
periphery or envelope of a pair of nerves," — and that the 
nerves of those four senses of smell, sight, taste, and hearing, 
which, according to the Professor, ^ make up the head,** ori- 
ginated the four cranial vertebrae which constitute the skull, 
— it becomes us to test the central idea, thus converted into 
a sort of historic myth, by the realities of actual history. 
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What, then, let us enquire, is the real history of the oerebiml 
development of the vertebrata, as reoNPded in the rocks of 
the earlier geologic periods t 

Though the rertebrata existed in the ichth jic form through- 
out the vastly extended Silurian period, we find in that sys- 
tem no remains of the cranium : the Silurian fishes fern, as 
has been already said (page 29), to have been exclusively pla- 
coid ; and the purely cartilaginous box formed by nature for 
the protection of the brain in this order has in no case been 
preserved. Teeth, and, in at least one or two instances, the 
minute jaws over which they were planted have been found, 
but no portion of the skull. We know, however, that in the 
fishes of the same order which now exist, the cranium con- 
sists of oue undivided piece of a cartilaginous substance, set 
thickly over its outer surface with minute polygonal points of 
bone (fig. 7), composed internally of tk 7 

star-like rays, that radiate from the 
centre of ossification, and that pre- 
sent, in consequence, seen through a 
microscope, the appearance of the 
polygonal cells of a coral of the genus 
Astrse. The pattern induced is that o»»eim$p&int$ofptaarid 
of stars set within polygons. Along craniMm,* 

the sides or top of this unbroken (Mag. tweWe dlwMrter.., 
cranial box, that exhibits no mark of suture, we find the 
perforations through which the nerves of smell, sight, taste, 
and hearing passed from the brain outwards, and see that 
they have failed to originate distinct vertebral envelopes 
for themselves ; — ^they all lodge in one undivided mansion- 
house, and have merely separate doors. We find, further. 




* From the head of Raia elavata. 
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that the homotypal ribi of the entire cranium consist, not 
of four, but simply of a single pair, attached to the occiput, 
and which serves both to suspend the jaws, upper and ne- 
ther, in their place under the middle of the head, and to 
lend support to the hyoid and branchial framework ; while 
the scapular ring we find existing, as in the higher vei*te- 
brata, not as a cerebral, but as a cervical or dorsal ap- 
pendage. In the wide range of the animal kingdom there 
are scarce any two pieces of organization that less resemble 
one another in form than the vertebrae of the placoids resem- 
ble their skulls ; and the difference is not merely external, 
but extends to even their internal construction. In both 
skull and vertebrae we detect an union of bone and cartilage ; 
but the bone of each vertebra forms an internal continuous 
nucleus, round which the cartilage is arranged ; whereas in 
the skulls it is the cartilage that is internal, and the bone is 
spread in granular points over it. If we dip the body of one 
of the dorsal vertebrae of a herring into melted wax, and then 
withdraw it, we will find it to represent in its crusted state 
the vertebral centrum of a placoid, — soft without, and osseous 
within ; but in order to represent the placoid skull, we would 
have first to mould it out of one unbroken piece of wax, and 
then to cover it over with a priming of bone-dust. And 
such is the effect of this arrangement, that, while the skull of 
a placoid, exposed to a red heat, falls into dust, from the cir- 
cumstance that the supporting framework on which the gra- 
nular bone was arranged perishes in the fire, the vertebral 
centrum, whose internal framework is itself bone, and so not 
perisliable, comes out in a state of beautiful entireness, — re- 
sembling in the thomback a squat sandglass, elegantly fenced 
round by the lateral pillars (fig. 8, 6) ; and in the dog-fish (/ 1 ) 
a more elongated sand-glass, in which the lateral pillars are 
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wanting. Such are the heads and ver- yw,^ s. 

tebnd joints of the existing phM^oids ; 

and such, reasoning from analogy, seem ^^ 

to have been the character and construe- (^ 

tion of the heads and rertebral joints 

of the pUuM>ids of the Bilorian period, — 

a. OuMvu* rrtttrmm "/ 

earliest-bom of the rertebrata. Syimu Aernntkia*. 

The most ancient brain-bearing era- *>• <*«*"«' cnjrum *f 

, , , Baia dara/a. 

mums that have come down to us m 
the fossil state, are those of the ganoids 
of the Lower Old Red Sandstone ; and in these fishes the 
true skull appears to have been as entirely a simple carti- 
laginous box, as that of the placoids of either the Silurian 
period or of the present time, or of those existing ganoids, 
the sturgeons. In the Lower Old Red genera CknraoawAnM 
and Diplaeantkui, though the heads are frequently preserved 
as amorphous masses of coloured matter, we detect no trace 
of internal bone, save perhaps in the gill-covers of the first- 
named genus, which were fringed by from eighteen to twenty 
minute osseous rays. The cranium seems to have been cover- 
ed, as in the shark family, by skin, and the skin by minute 
shagreen-like scales ; and all of the interior cerebral frame- 
work which appears underneath exists simply as faint impres- 
sions of an undivided body, covered by what seem to be osseous 
points, — the bony molecules, it is probable, which encrustcKl 
the cartilage. The jaws, in the better specimens, are also pre- 
served in the same doubtful style ; and this state of keeping 
is the common one in deposits in which every true bone, how- 
ever delicate, presents an outline as sharp as when it occupicKl 
its place in the living animal. The dermal or skin-skeleton 
of both genera, which consisted, as has been shown (pages 
31, 32) of shagreen- like osseous scales and slender spines. 



44 CEREBRAL DEVELOPMENT 

both brilliantly enamelled, is presented entire ; whereas the 
interior framework of the head exi8t43 as mere point-speckled 
impressions ; and the inference appears unavoidable, that 
parts which so invariably differ in their state of keeping now, 
must have essentially differed in their substance originally. 

Now, in the Ckeircieanthus we detect the first faint indica- 
tions of a peculiar arrangement of the dermal skeleton, in re- 
lation to certain parts of the skeleton within, which, — greatly 
more developed in some of its contemporaries, — led to impor- 
tant results in the general structure of these ganoids, and 
furnishes the true key to the character of the early ganoid 
head. In such of the existing placoids as I have had an op- 
portunity of examining, the only portions of the dermal skele- 
ton of bone which conform in their arrangement to portions of 
the interior skeleton of cartilage, are the teeth, which are al- 
ways laid on a base of skin right over the jaws : there is also 
an approximation to arrangement of a corresponding kind, 
though a distant one, in those hook-armed tubercles of cer- 
tain species of rays which run along the vertebral column ; 
but in the shagreen by which the creatures are covered I have 
been able to detect no such arrangement. Whether it occurs 
on the fins, the body, or the head, or in the scale form, or 
in that of the prickle, it manifests the same careless irregu- 
larity. And on the head and body of the CheircicatUhiu, and 
on all its fins save one, the shagreen-like scales, though 
laid down more symmetrically in lines than true shagreen, 
manifested an equal absence of arrangement in relation 
to the frame-work within. On that one fin, however, — the 
caudal, — the scales, passing from their ordinary rhomboi- 
dal to a more rectangular form, ranged themselves in right 
lines over the internal rays (fig. 9, a), and imparted to these 
such strength as a splint of wood or whalebone &stened over 
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1 toe or finger imparts to the in- 
■d digit, — » provision which was probably 
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t organ of motion, from the cireum- 
that it was tho only &n which the 
orestnre posseaa^d that vas uot strengthened 
and protected anteriorly by a urong spine. 
In the Ck^irolrjiit, — a contemporary AbIi, cha- 
racterised, like its cogeners the CitiraeaHikut 
and Difiiacaiitkui, by aliagreen-lilce scales, hut 
in which the spines were wanting,— we find 
a farther development of the proviaion. In 
all the fins the richly-enatnellcd dermal co- 
vering was arranged in lines over the rays 
(fig. 9, i) ; and the scale, which sasumes in 
tbe' fins, like the sc&les nn the tail of the ^ P: 
Charaeanliia, though somewhat more irregu- iW/lii^ctnr- 
larly, a rectangular shape, is so cansidcrably i,. FrTtimiirmii 
elongated, that it aaaiiraes for its normal clia- daijinofcU.r 
racter as a, scale, that of the Joint of an ex- ni>v'K> 
temal ray. A similar arrangement of exter- {Mac, (hrai din- 
nal protection takes place in this genna over "" '"' 
the bones of the head : the cartilaginous jaws receive their 
oBseooa dermal covering, and, with these, the hyoid bonee, 
the opercules, and the cranium. And it is in these der- 
d plates, which covered an interior skull, of which, save 
L in one genua,- — the Diptena, — not a vestige remains in any of 
a Old Red fishes thus protected, that we first trace what 



r • The darker, upper p»t«h in this figure Indicates a portion in 
deh the scales or thn fina in the fossil still retain their enampl : 
a>the lighter, a portion from nhJFh thn enamel has disappeared. 
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seem to be the homologues of the cranial bones of the osse- 
ous fishes, — at least their homologues so far as the euiumlar 
can represent the internal. They appear for the first time, 
not as modified spinous processes, broadened, as in the car- 
pace of the chelonians, into oueous plates, but like those 
corneous external plates of this order of reptiles (known 
in one species as the tortoise-shell of commerce), the origin 
of which is purely cuticular, and which evince so little cor- 
respondence in their divisions with the sutures of the bones 
on which they rest, that they have been instanced, in their 
relation to the joinings beneath, as admirable illustrations of 
the erou-banding of the mechanician. 

In the heads of the osseous fishes, the cranium proper, 
though consisting, like the skulls of birds, reptiles, and mam- 
mals, of several bones, exists from snout to nape, and from 
mastoid to mastoid, as one unbroken box ; whereas all the 
other bones of the head, such as the maxillaries and inter- 
maxillaries, the lower jaws, the opercular appendages, the 
branchial arches, and the branchiostegous rays, are connect- 
ed but by muscle and ligament, and fall apart under the pu- 
trefactive influences, or in the process of boiling. This un- 
broken box, which consists, in the cod, of twenty-five bones, 
is the Komologue of that cranial box of the placoids which 
consists of one entire piece, and the komotype, according to 
Oken, of the bodies and spinal processes of four vertebrae ; 
while the looser bones which drop away represent their ribt. 
The upper surface of the box, — that extending from the nasal 
bone to the nape, — is the only part over which a dermal buck- 
ler could be laid, as it is the only part with which the external 
skin comes in contact ; and so it is between this upper surface 
and the cranial bucklers of the earlier ganoids that we have to 
institute comparisons. For it is a curious fact, that, with the 
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exception of the Old Red genera jicatOhodus, (heiraecmthus, 
and DiplaeatOhuty* all the ganoids of the period in which ga- 
noids first appear have dermal bucklers placed right over their 
true skulLs, and that these, though as united in their parts 
as the bones proper to the cranium in quadrupeds and fishes, 
are composed of several pieces, furnished each with its in- 
dependent centre of ossification. The Dipterians, the Cela- 
canths, the Cephalaspians, and at least one genus placed 
rather doubtfully among the Acanths, — the genus CheiroUpit, 
— all possessed cranial bucklers extending from the nape to 
the snout, in which the plates, various, in the several genera, 
in form and position, were fast soldered together, though in 
every instance the lines of suture were distinctly marked. 

On each side of this external cranium the various cerebral 
plates, like the corresponding cerebral ribg in the osseous 
fishes, were free, at least not anchylosed together ; and some 
of their number unequivocally performed, in part at least, 
the functions of two of these cerebral ribs, viz. the upper 
and under jaws, with the functions of the opercular appen- 
dages attached to the latter. In the cod, as in most other 
osseous fishes, the upper portion of the cranium consists of 
thirteen bones, which represent, however, only seven bones 
in the human skull, — the nasal, the frontal, the two parie- 
tal, the occipital, and one-half the two temporal bones. And 
whereas in man, and in most of the mammals, there are four 
of these placed in the medial line, — the four which, accord- 
ing to the assertors of the vertebral theory, form the spinal 
crests of the four cerebral vertebrae, — in the cod there are but 



* The Acanths of the Coal Measures possess the cranial buck- 
ler. 
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three. Tbe mper-occipUal bone, A, (fig. 10) jneces on to thi 
superior frontal, C, C, C ; and the parietaU, B, B, which ii 




p. F, PMterior/TOBtoft. 
B, B, Jtfoifend bona. 
1, 1. BiHiirtilt. 



■ Profesur Owen, in filing the homologies of tbo tcbthjie bead, 
differs oonsldeimblj from Omler; but his xiew Mema t« be do- 
monstrablj the correct one. It will, howeTer, be Men, tb&t in 
■■■7 attempted cempuison o( the dlTliians of the ancient ganoid 
cranium with thoM of the craninmB of existing fisbsa, tbe points 
at liine between the two great natarallats are not iaTolTed, other- 
wise tban as mere qnestions of words. The matter to be deter- 
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the human subject form the upper and middle portions of 
the cranial vault, are thrust out laterally and posteriorly, 
and take their places, in a subordinate capacity, on each side 
of the super-occipital. This is not an iuFariable arrange- 
ment among fishes ; — in the carp genus, for instance, the pa- 
rietals assume their proper medial place between the occi- 
pital and frontal bones ; but so very general is the displace- 
ment, that Professor Owen regards it as characteristic of the 
great ichthyic class, and as the first example in the verte- 
brata, reckoning from the lower forms upwards, of a sort of 
natural dislocation among the bones, — " a modification,** he 
remarks, ^ which, sometimes accompanied by great change of 
place, has tended most to obscure the essential nature of 
parts, and their true relations to the archetype.** 

Of all the cerebral bucklers of the first ganoid period, that 
which best bears comparison with the cranial front of the 
cod is the buckler of the Coceoitetu (fig. 11.) The general 
proportions of this portion of the ancient Cephalaspian head 
differ very considerably from those of the corresponding 
part in the modem cycloid one; but in their larger divi- 
sions, the modem and the ancient answer bone to bone. 
Three osseous plates in the CooooiUu$, A, C, 1, the homo- 
logues, apparently, of the occipital, frontal, and nasal bones, 
range along the medial line. The apparent homolognes of 



mined, for instance, is not whether plate A in the skulls of the 
cod and Coecostetu be the homologne of a part of the occipital or 
that of a part of the parietal bones, but whether plate A in the 
Goccostetu be the horaologue of plate A in the cod. The letters 
employed I have borrowed from Agassiz's restoration of the Coc 
rA>8teus ; whereas the figures intimate diyisions which the imper- 
fect keeping of the specimens on which the ichthyologist founded 
did not enable him to detect. 
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pari af Uc cmnin'i hxll'. 

the porietals, B, B, oeenpj the game poaition of lateral dis- 
placemeut as the parietoU of the cod and of so many other 
fiihea. The posterior frontala, F, and the anterior frontalB, 

D, alM occapy places relatively the same, though the lat- 
ter, which are of grcftter propwtional trise, eacroach much 
fnrther, laterally and posterrarly, on the superior frontal 
C, C, C, and sweep entirely round the npper half of the eye- 
orbits, 2, 2. The apparent homologue of the mastoid bone, 

E, which also occupies its proper place, joins posteriorly to a 
tittle plate, a, imperfectly separated in most specimens from 
the parietal, but which seems to represent the par-occipital 
bone ; and it is a enrians circumstance, that as. In many of 
the osKous fishes, it is to these hones that the forks of the 
•oapular arch are attached, they unite in the rooAMfnu in fur- 
nishing, in like manner, a pmnt of atlacbment to the cuirass 
which covered the npper part of the creature's body. Of 
the true iutemal sIcdU of the CoeeotUia there remains not 
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a vestige. Like that of the sturgeon, it muat have been a 
periahable, cartilaginoua box. 

In the OMoUpii, — an animal the whole of whose external 
head I have, at an expense of some labour, and from the 
examination of maoj Bpecimens, been enabled to restore, — 
the crania) buckler (fig. 12) was divided in a more arbitrary 

Rg. 12. 




style; and we find that an element of nncertaintj' mingles with 
our inferences regarding it, from the circumstance that some 
of its lines of division, especially in the frontal half, were not 
real sutures, bnt formed merely a kind of surface- tatooing, re- 
sorted to as if for purposes of ornament. The cranial buckler 
of the AMenltfiu exhibited, as I shall afterwards have occasion 
to show, a nmilar peculiarity , — both had their pseudo-su- 
toree, resembUng those &lse joints introduced by the architect 
into his nuticat«d basements, in order to impart the neces- 
mrj aqiect of regularity to what is technically termed the 
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coursing and banding of the fabric. We can, however, de- 
termine, notwithstanding the induced obscurity, that the 
buckler of the Oeteolepu was divided transversely in the 
middle into two main parts or segments, — an occipital part, 
A, and a frontal part, O; and that the occipital segment 
seems to include also the parietal and mastoid plates, and the 
frontal segment to comprise, with its own proper plates, not 
only the nasal plate, but also the representative of the ante- 
rior part of the vomer. All, however, is obscure. But in 
our uncertainty regarding the homologies of the divisions of 
this dermal buckler, let us not forget the homology of the 
buckler itself, as a whole, with the upper surface of the true 
cranium in the osseous fishes. Though frequently crush' 
ed and broken, it exists in all the finer specimens of my col- 
lection as a symmetrically-arranged collocation of enamelled 
plates, as firmly united into one piece, though they all indi- 
cate their distinct centres of ossification, as the correspond- 
ing surface of the cranium in the carp or cod. The lateral 
curves in the frontal part immediately opposite the lozenge- 
shaped plate in the centre, show the position of the eyes, 
which were placed in this genus, as in some of the carnivo- 
rous turtles, immediately over the mouth, — an arrangement 
common to almost all the ganoids of the Lower Old Red 
Sandstone. The nearly semicircular termination of the 
buckler formed the creature's snout ; and in the OsUoUpis, as 
in the GlyptoUpu and the Diploptems, it was armed on the 
under side, like the vomer of so many of the osseous fishes, 
with sharp teeth. Some of my specimens indicate the 
nasal openings a little in advance of the eyes. The nape 
of the creature was covered by three detached plates (9, 9, 9, 
fig. 13), which rested upon the anterior dorsal scales, and 
whose homologues, in the osseous fishes, may possibly be 
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found in tliose bimei which, unitbg the sbonlder-boneii to 
the head, complete the scapular belt or ring. The opercu- 
lum we find represented bj a nngle plate (8), which hod 
attached to it, as its sub-opercutum, a plate (13) of nearly 
equal size (see figs. 14 and 15). Four email plates (2,4,C), 
formed the under curve of the eyes, described in manj of 
the osseous lishea by a chtun of small bones or ossicles ; a 
considerabl; larger plate (6) occupied the place of the pre- 
opercular bone ; while the intermazillaries had their repre- 
sentatives in well-marked plates (3, 3), which, in the genen 
OiUaUpUjD^ofltnUfiJid OlypM^nt, •^eSni bristling so thick- 
ly with teeth along their lower edges, as to remind us of the 
miniatnre saws employed by the joiner in cutting out circular 
holes. These external intermaxillaries did not, as in the 
perch or cod, meet in front of the nasal bone and vomer, but 
joined on at the side, a little in advance of the eyes, leaving 
the rounded termination of the cranial buckler, which, like 
the intermaxillaries, was thickly fringed with teeth, to form, 
at has been already sud, the creature's SDont. 
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The under jaws (10), — strongly-marked bones in at least all 
the Dipterian and Celacanth genera, — we find represented 
externally by massy plates, bearing, like those of the upper 
jaw, their range of teeth. As shown in a well-preserved 
specimen of the lower jaw of HUoptyehiut, in my possession, 
they were boxes of bone enclosing a bulky nucleus of car- 
tilage, which, in approaching towards the condyloid process, 
where great strength was necessary, was thickly traversed 
by osseous cancilli, and passed at the joint into true bone. 
It is in the under jaws of the earlier ganoids that we first 
detect a true union of the external with the internal skele- 
ton, — of the bony plates and teeth, which were mere pUUet 
and teeth of ike skin^ with the osseous, granular walls which 
enclosed at least all the larger pieces of the cartilaginous 
frame-work of the interior. The jaws of the Rays and 
Sharks, formed of cartilage, and fenced round on their sides 
and edges by their thin coverings of polygonal, bony points^ 
are wholly internal and skin-covered ; whereas the teeth, 
which rest on the soft cuticular integument right over them, 
are as purely dermal as the surrounding shagreen. Teeth 
and shagreen may, we find, be alike stripped ofi^ with the 
skin. Now, in the earlier ganoidal jaw, two sides of the os- 
seous box which it composed, — its outer and under sides, — 
were mere dermal plates, representative of the skin of the 
placoids, or of their shagreen ; while the other two, — its up- 
per and inner sides, — seem to have been developments of the 
interior osseous walls which covered the endo-skeletal carti- 
lage. Nor is it unworthy of notice, that the reptile fishes of 
the period had their ioktkyio teeth ranged along the edge of 
an exterior dermal plate which covered the outer side of the 
jaw ; whereas their reptile teeth were planted on a plate, ap- 
parently of interior development, which covered its upper 
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edge. It is further worthy of remark, that while the teeth 
of the dermal plate, — th^nselvee also dermal, — seem as if 
they had grown out of it, and formed part of it, — ^just as the 
teeth of the placoids grow out of the skin on which they 
rest^ — the reptile teeth within rested in shallow pits, — the 
first fidnt indications of true sockets. 

That i^Mice included within the arch formed hy the sweep 
of the under jaws, whidi we find occupied in the osseous 
fishes hy the hyoid bones and the branchiostegous rays, was 
filled up externally, in the Dipterians and Celacanths, and in 
at least two genera of Cephalaspians, by dermal plates ; in some 
genera, such as the Diplopterue, by three plates ; in otliers, 
such as the HUoptyekiue and Qlyptolepis, by two ; and in the 
AfiterdUpUy as we shall afterwards see, by but a single plate. 
In the (kteolepit these plates were increased to Hve in number, 
by the little plates 14, 14 (fig. 14), which, however, may have 

Fig. 14. 




UNDER PART OF HSAD OP OSTBOLBPI8.* 



• The jaws (10, 10) which exhibit in the print their greatest 
breadth, wonld have presented in the animal, seen from beneath. 
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been abo prMsnt in tbe Dipteplemt, though m; specimeoa 
MX to Bhow them. The general arrangement iras of much 
elegance, — ao elegance, however, which, in the acconptm^ring 
restorations, the dislocation of the free pUtea, drawn apart to 
indicate their detached character, somewhat tends to obscnre. 
Bnt the position of the eyes must Iiave imparted to the ani- 
mal a sinister, reptile-like aspect. The profile (fig. 15), tbe 



Fig. 15. 




reTOlt,nat of a chanoe-drawn outline, orbitraritj filled up, but 
prodaced b; the careful arrangement in their proper places 
of actually existing plates, serves to show bow perfectly the 
denno-skeletal parts of the creature were developed. Some 
of the animals with which we we best acquainted, if re- 
presented by but their cuticular skeleton, would appear 
nimpty as sets of hoofs and horns. Even the tortoise or 
pengolin would present about the head and limbs their gaps 
and missing portions ; bnt tbe denno-skeleton of the Oiteo- 
lepit, composed of solid bone, and burnished with enamel, 
exhibited the outline of the fish entire, and, with the excep- 
tion of the eye, the filling up of all its external parts. Pre- 
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Renting outside, in its original state, no fragment of skin or 
membrane, and with even its most flexible organs sheathed 
in enamelled bone, the (ktedUpu must have very much re- 
sembled a fish carved in ivory ; and, though so effectually 
covered, it would have appeared, from the circumstance, that 
it wore almost all its bone outside, as naked as the human 
teeth. 
The cranial buckler of the Diploptenu (fig. 16) somewhat 

Fig. 16. 




CRANIAL BUCKLKR OP OIPLOPTBRU8. 



resembled that of its fellow-dipterian the OtteoUpii, but ex- 
Iiibited greater elegance of outline. My first perfect speci- 
men, which I owe to the kindness of Mr John Miller of 
Thurso, an intelligent geologist of the north, reminded me, as 
it glittered in jet-black enamel on its ground of pale gray, of 
those Roman cuirasses which one sees in old prints, impaled 
on stakes, as the central objects in warlike trophies formed 
of spoils taken in battle. The rounded snout represented the 
chest and shoulders, the middle portion the waist, and the ex- 
pansion at the nape the piece of dress attached, which, like 
the Highland kilt, fell adown the thighs. The addition 
of a fragment of a sleeve, suspended a little over the eye 
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orbits, 2, 2, Beenfed all that was necessary in order to render 
the resemblance complete. But as I dimuterred the buried 
edges of the specimen vith a graver, the form, though it 
grew still more elegant, became lees that of the ancient 
coat of armour ; the snout expanded into a semicircle ; the 
eye orbits gradually deepened ; and the entire fosail became 
not particulai-ly like anything but the thing it once was, — 
the cranial buckler of the Itiplopttnu. The print (fig. 17) 

Fig. 17. 




exhibits its true form. It condsta of two iiuun divinons, 
occipital (A) and frontal (C, Eg. 16) ; and in each of these 
we find a pair of smaller divisions, with what seem to be in- 
dications of yet fiirther division, marked, not by lines, but 
by dots ; though I have hitherto &iled to determine whether 
the plates which these last indicate possess their indepen- 
dent centres of ossificatioD. Not nnfrequently, however, 
has the comparative anatomist to seek the analogues of two 
bones in one ; nor is it at least more difficult to trace in 
the fiunt divimoDe of the cranial buckler of the hifiof*tnn. 
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e homolofjiicb of the occipital, frontal, parietal, mastoid, 
and uaaal bout>a, tliiui to r(>iM)giiiHe the representatives of' 
the carpals of the middle and ring finger in man, in the 
cannon bone of the fore leg of the ox. 1 may mention in 
passing, that the little central plate of the frontal dividon 
(1, Hg, 16), which so nearly corresponds with that of the 
OsltvUpia, occurred, though witb ironsiderable variations of 
form and homology, and some slight difference of position, 
in all the ganoids of the Old Bed Sandstolie whose cra- 
niums were covered with an osseous buckler, and that its 
plao; was always eitiier immediutely between the eyes or 
a very little over them. Its never-failing recurrence shows 
that it must have had totat meaning, though it may be diffi- 
cult to saj what. In the CoworteM it takes the form of the 
male dovetail, which united the nasal plate or snout to the 
plate representative of the superior frontal, Of the cartila- 
ginous box which formed the interior skull of either ihtttJej-ii 
or Diflopterv*, or, with but one ex- Y\^, \f^ 

ception, of the interior skulls of any 
of their contemporaries, no trace, as 1 
havesaid.haayet been detected. The 
solitary exception in the case is,liow- 
ever, one of singulnr interest. 

Xn a collection of miscolluneous 
fragments sent me by Mr Dick from 
the rocks of ThnrBo,Idetected patch- 
es of palatal teeth ranged in nearly 
the qnadraturea of circles, and which 
radiated outwards from the rectangu- 
lar angle or centre Cfig. 18, 4). And , 

h the patches there occurred plutea ■■■ ""^p ''fr«'««^ '""■ 

Ktly resembling the barbed head of a dart (a), with which 
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I liad been previously acquainted, though I had fMled to^ 
determine their character or place. The excellent state 
of keeping of some of Mr Dick's specimens now enabled me 
to trace the patches with the dart-head, and several other 
plates, to a curious piece of palatal mechanism, ranged along 
the base of a ganoid cranium, covered externally by a 
brightly enamelled buckler, and to ascertain the order in 
which patches and plates occurred. And then, though not 
without some labour, I succeeded in tracing the buckler with 
which they were associated to the Diptertu, — a iish which, 
though it has engaged the attention of both Cuvier and 
Agassiz, has not yet been adequately restored. It is on an 
ill-preserved Orkney 9pecimen of the cranial buckler of this 
ganoid that the ichthyologist has founded his genus Poly- 
phraetus; while groupes of its palatal teeth from the Old Red 
of Russia he refers to a supposed placoid, — the Ctenodut. 
But in the earlier stages of palsBontological research, mis- 
takes of this character are wholly unavoidable. The pcdseon- 
tologist who did avoid them would be either very unobser- 
vant, or at once very rash and very fortunate in his guesses. 
If, ere an entire skeleton of the lofuhyomurus had turned up, 
there had been found in different localities, in the Liasic 
formation, a beak like that of a porpoise, teeth like that 
of a crocodile, a head and sternum like that of a lizard, 
paddles like those of a cetacean, and vertebrae like those of 
a fish, it would have been greatly more judicious, and more 
in accordance with the existing analogies, to have erected, 
provisionally at least, places specifically, or even generically 
separated, in which to range the separate pieces, than to hold 
that they had all united in one anomalous genus ; though 
such was actually the fact. And Agassiz, in erecting three 
distinct genera out of the fragments of a single genus, has in 
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'[eii at once more pmdentl}' atid more intellig^nll}' 
1 if he had avoided the error by r&ahly uniting parts 
which in their sepunite state iiidtoiLte no tie of cunuccrtiuii. 
The cranini biu^kler of the Diplerai I 




t of the Diploplenii, of great beaiilj. In aojne iif tlie 
finer apecimena, wc lind the euarael ornately lutooed, within 
the more atrongly-marked dmaioaB,by delicately traeeil linin, 
wavpd and bent, as if upon the priHciple of Hngurtli ; and 
though thu lateral plates are numerons and smiill, anil defy 
the homoli^ea, we may trace in those of the central line. 
from the snont to the nape, what seem to be thu repreaeu- 
tAtives of the frontal, parietal, and occipital bonea,^ — the pti- 
rietuls ranging, as in the skull of the carp and in that of 
■nost of the mammals, in their proper place in the medial 
It the under surface (^ the cranium, armed, us on 
fe upper surfireeiWith plates of bone, exhibited an arrange- 
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ment still more peculiar <fig. 20). Its reotaogolu- patches 
of fia,tai teeth, iU cnriona dart-like bone, placed inune- 




dintuly beliind thoBe,and attached, m the diui-heod ia Mtach- 
vd to the handle, to a broad lozenge-shaped plate, with two 
Ktroiift OHBoous proooMea projecting on either aide, forms such 
u toul tiunMa oa U anique among tjahex. Even here, faowever, 
there nuy be traced at least a shade of homological resem- 
blance to Ihe bones which form the base of the osseoos skull. 
Tiie wngle loienge-shaped plate <A), with its dart-head, oc- 
oiipiec the place of the bosi-ocoipital bone ; the posterior por- 
tion of the vomer seema represented by a strong bony ridge, 
extending towards the snout ; two separate bones, each bear- 
ing one of the angular patches of teeth, corresponda to tbe 
sphenoid bone and its als; and attached laterally to each 
of these there is the strong projecting bone, on which the 
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T jaw tqtpears to have hinge'd, and which apparently re- 
B the lower psrt of the temporal hone. Not Ibbb 
r wru the form of the creature's under jaw {tig. 21). 



:^ 






iw no Other fish-jaw, wliether of the recent or the ex.- 

racoB, that might be so relMlily mistaken for that uf a 

quadruped. It exhibits not only the condyloid, but also the 

coronoid processys ; and, save that it broadens on its npper 

;es, whero in mummala the grindera are plained, so as to 

lish field enough for angalar patches of teeth, which 

:apond with the angular putcliea in the palate, it might 

>garded, found detached, as at least a reptilian, if not 

mammalian, bone. The disposition of the palatal teeth of the 

Viflena will scarce fail tu remind tho mecbanist of Ihe stj'le 

of grooving resorted to in the formation of mill-stones for 

le grinding of dour ; nor is it wboUj improbable that, in 

ipondoncu with the rotatory motion of the stones to 

'Inch the grooving is specially adapted, jaws so hinged may 

ive possessed some such power of lateral motion as that 

impliiied by the human subject in the ase of the mohir 

Ih. 

L The protection aftbrded by the osseous covering of both the 

>r and under surface of the cranium of thiaic-hthyolitP has 
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resulted, in several instances, in the preservation, though al- 
ways in a greatly compressed state, of the cranium itself, and 
the consequent exhibition of two very important cranial cavi- 
ties^ the brain-pan proper, and the passage through which the 
spinal cord passed into the. brain. In the sturgeon the brain 
occupies nearly the middle of the head ; and there is a consi- 
derable part of the occipital region traversed by the spine in a 
curved channel, which, seen in profile, appears wide at the 
nape, but considerably narrower where it enters the brain-pan, 
and altogether very much resembling the interior of a minia- 
ture hunting-horn. And such exactly was the arrangement 
of the greater cavities in the head of the Dipterus. The portion 
of the cranium which was overlaid by what may be regarded 
as the occipital plate was traversed by a cavity shaped Eke a 
Lilliputian bugle-horn ; while the hollow in which the brain was 
lodged lay under the two parietal plates, and the little ellipti- 
cal plate in the centre. The accompanying print (fig. 22), 

Fig. 22. 
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though of but slight show, may be regarded by the reader with 
some little interest, as a not inadequate representation of the 
most ancient brain-pan on which human eye has yet looked, — 
as, in short, the type of cell in which, myriads of ages ago, in 
at least one genus, that mysterious substance was lodged, on 
whose place and development so very much in the scheme 
of creation was destined to depend. The specimen from 
which the figure is taken was laid open laterally by chance 
exposure to the waves on the shores of Thurso ; another spe- 
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cut longitadiiudly by the nw of tlio lapidury, yioldN 
•ection, but greatly moru coinpivfMo<l in tbv cuvi. 
; cm which, of course, as unsupiKirttMl huUowH, tho corn- 
to which the entire cranium luui bii*ii oxiknmhI rliictly 
When the top and bottom of a Im>x iuv violently furctil 
tQgetheTyit is the empty space which the Ikix eiicUNM^H that is 
aanihihited in consequence of the vioU*n(*e. 

It is deserving of notice, that the aniili>gieH uf the cninial 
cavities in this ancient ganoid should iMiint so din>ctly on the 
cranial cavities of that special ganoid of the prt*Hent time 
which unites a true skull of cartilage to a deniuil skull of 
OMeons plates, — a circumstance strongly corrobonitive of tlit* 
generalevidence,negativeaudiK>Hitive, on which I have con- 
cluded that the true skulls of the first ganoids were also car- 
tilaginous. It is further worthy of observation, that in till the 
sections of the cranium of Diptfrus which I have yet ex- 
amined, the internal line is continuous, as in the placoids, 
from nape to snout, and that the true skull presents no trace 
of those cerebral vertebrae of which skulls are regarded by 
Oken and his disciples as developments. Historically at 
least, the progress of the ichthyic head seems to have been 
a progress from simple cartilaginous boxes to cartilaginous 
boxes covered with osseous plates, that performed the func- 
tions, whether active or passive, of internal bones ; and then 
from external plates to the interior bones which the plates 
had previously represented, and whose proper work they had 
done. 

The principle which rendered it necessary that the divi- 
sions which exist in the dermal skulls of the first ganoids 
should so closely correspond with the divisions which exist 
in the internal skulls of the osseous fishes of a greatly later 
period, does not seem to lie far from the surface. Of the 

E 



64 CEREBRAL DEVELOPMENT 

resulted, in several instances, in the preservation, though al- 
ways in a greatly compressed state, of the cranium itself, and 
the consequent exhibition of two very important cranial cavi- 
ties^ the brain-pan proper, and the passage through which the 
spinal cord passed into the. brain. In the sturgeon the brain 
occupies nearly the middle of the head ; and there is a consi- 
derable part of the occipital region traversed by the spine in a 
curved channel, which, seen in proBle, appears wide at the 
nape, but considerably narrower where it enters the brain-pan, 
and altogether very much resembling the interior of a minia- 
ture hunting-horn. And such exactly was the arrangement 
of the greater cavities in the head of the Dipterus. The portion 
of the cranium which was overlaid by what may be regarded 
as the occipital plate was traversed by a cavity shaped like a 
Lilliputian bugle-horn ; while the hollow in which the brain was 
lodged lay under the two parietal plates, and the little ellipti- 
cal plate in the centre. The accompanying print (fig. 22), 

Fig. 22. 



liONOITUDINAL. SECTION OP HKAD OF OIPTBRVS. 

though of but slight show, may be regarded by the reader with 
some little interest, as a not inadequate representation of the 
most ancient brain-pan on which human eye has yet looked, — 
as, in short, the type of cell in which, myriads of ages ago, in 
at least one genus, that mysterious substance was lodged, on 
whose place and development so very much in the scheme 
of creation was destined to depend. The specimen from 
which the figure is taken was laid open laterally by chance 
exposure to the waves on the shores of Thurso ; another spe- 
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cimen, cut longitudinally by the saw of the lapidary, yields 
a similar section, but greatly more compressed in the cavi- 
ties ; on which, of course, as unsupported hollows, the com- 
pression to which the entire cranium had been exposed chiefly 
acted. When the top and bottom of a box are violently forced 
together, it is the empty space which the box encloses that is 
annihilated in consequence of the violence. 

It is deserving of notice, that the analogies of the cranial 
cavities in this ancient ganoid should point so directly on the 
cranial cavities of that special ganoid of the present time 
which unites a true skull of cartilage to a dermal skull of 
osseous plates, — a circumstance strongly corroborative of the 
general evidence, negative and positive, on which I have con- 
cluded that the true skuUs of the first ganoids were also car- 
tilaginous. It is further worthy of observation, that in all the 
sections of the cranium of Dipterus which I have yet ex- 
amined, the internal line is continuous, as in the placoids, 
from nape to snout, and that the true skull presents no trace 
of those cerebral vertebrae of which skulls are regarded by 
Oken and his disciples as developments. Historically at 
least, the progress of the ichthyic head seems to have been 
a progress from simple cartilaginous boxes to cartilaginous 
boxes covered with osseous plates, that performed the func- 
tions, whether active or passive, of internal bones ; and then 
from external plates to the interior bones which the plates 
had previously represented, and whose proper work they had 
done. 

The principle which rendered it necessary that the divi- 
sions which exist in the dermal skuUs of the first ganoids 
should so closely correspond with the divisions which exist 
in the internal skulls of the osseous fishes of a greatly later 
period, does not seem to lie hr from the sur&ce. Of the 

E 
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solid parts of thje ichthyic head, a certain set of pieces afford 
protection to the brain and eerebral nerves, and to some of the 
organs of the senses, such as those of seeing and hearing; while 
another certain set of pieces constitute the framework through 
which an important class of functions, manducatory and re- 
spiratory, are performed. The protective bones of merely 
paasive function are fixed,, whereas the bones of active func- 
tion, such as the jaws, the osseous framework of the oper- 
cules, and the hyoid bones, are to the necessary extent free, 
i. e, capable of independent motion. Of course, the detached 
character necessary ta the free cerebral bones would be 
e<]^ally necessary in cerebral plates united dermally to the 
pieces of the cartilaginous framework, which performed in 
the ancient fish the fmictions of these free bones. And hence 
jaw plates, opercular plates, and hyoid plates, whose homolo- 
gical relation with recent jaws and opercular and hyoid bones 
cannot be mistaken. They were operative in performing iden- 
tical mechanical functions, and had to exist, in consequence, 
in identical mechanical conditions. And an equally simple, 
though somewhat different principle, seems to have regulated 
the divisions of the fixed cranial bucklers of the Old Red ga- 
noids, and to have determined their homologies with the fix- 
ed cerebral bones of the osseous fishes. 

These cranial bucklers, extending from nape to snout, pro- 
tected the exposed upper surface of the cartilaginous skull, 
and conformed to it in shape, as a helmet conforms to the 
shape of the head, or a breast-plate to the shape of the 
chest. And as the cartilaginous heads resembled in ge- 
neral outline the osseous ones, the buckler which covered 
their upper surface resembled in general outline the upper 
surface of the osseous skull. It was in no case entirely 
a flat plate ; but in every species rounded over the snout, 
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and in most species at the sides ; and so, in order that its 
characteristic proportions might be preserved throughout the 
various stages of growth in the head which it covered, it had 
to be formed from several distinct centres of ossification, and 
to extend in area around the edges of the plates originated 
from these. The workman finds no difficulty in adding to 
the size of a piece of straight waD, whether by heighten- 
ing or lengthening it ; but he cannot add to the size of a 
dome or arch, without first taking it down, and then erecting 
it anew on a larger scale. In the domes and arches of the 
animal kingdom, the problem is solved by building them up of 
distinct pieces, few or many according to the demands of the 
figure which they compose, and rendering these pieces capable 
of increase along their edges. It is on this principle that the 
Cystidea, the Echiuidse, the Chelonian carpace and plastron, 
and the skulls of the osseous vertebrata, are constructed. It 
is also the principle on which the cranial bucklers of the 
ancient ganoids were formed.* And from the general re- 
semblance in figure of these bucklers to the upper surfieuie of 
the osseous skull, the separate parts necessary for the building 
up of the one were anticipated, by many ages, in the building 
up of the other ; just as we find external arches of stone 



* In all probability it is likewise the principle of the placoid 
skull. The numerous osseous points by which the latter is en- 
crusted, each capable of increase at the edges, seem the minute 
bricks of an ample dome. It is possible, however, that new 
points may be formed in the interstices between the first formed 
ones, as what anatomists term the triqu^ra or Wormiana form be- 
tween the serrated edges of the lambdoidal suture in the human 
skull ; and that the osseous surface of the cerebral dome may thus 
extend, as the dome itself increases in size, not through the growth 
of the previously existing pieces, — the minute bricks of my il- 
lustration, — but through the addition of new ones. Equally, in 
either case, however, that essential difference between the pla- 
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which were erected two thousand years ago, constmcted on 
the same principle, and relatively of the same parts, as internal 
arches of brick built in the present age. Doubtless, however, 
with this mechanical necessity for correspondence of parts 
in the formation of corresponding erections, there may have 
mingled that regard for typical resemblance which seems 
so marked a characteristic of the sti^, if I may so express 
myself, in which the Divine Architect gives expression to 
his ideas. The external osseous buckler He divided after 
the general pattern which was to be exemplified, in latter 
times, in the divisions of the internal osseous skull ; as if in 
illustration of that ** ideal exemplar" which dwelt in his 
mind from eternity, and on the palpable existence of which 
sober science has based deductions identical in their scope 
and bearing with some of the sublimest doctrines of the theo- 
logian. ** The recognition," says Professor Owen, ** of an 
ideal exemplar for the vertebrated animals, proves that the 
knowledge of such a being as man existed before man ap- 
peared ; for the Divine mind which planned the archetype 
also foreknew all its modifications. The archetypal idea was 

cold skull and tho placoid vertebra, to which I have referred, 
appears to hinge on the circumstance, that Ficy 9^ 

while the osseous nucleus of each vertebral °* 

centrum could form, in even its most com- 
plicated shape, from a single point, the os- 
seous walls of the cranium had to be formed 
from hundreds. The accompanying diagram 
serves to show after what manner the verte- 
bral centrum in the Ray enlarges with the 
growth of the animal, by addition of bony mction op vkrtbbral 
matter external to the point in the middle, ckntrum of thorn- 

BACK. 

at which ossification first begins. The hori- 
zontal lines indicate the lines of increment in the two internal 
cones which each centrum comprises, and the vertical ones the 
lines of increment in the lateral pillars. 
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manifested in the flesh, under divers such modifications, upon 
this planet, long prior to the existence of those animal species 
that actually exemplify it.*' 

But while we find place in that geological history in which 
every character is an organism, for the *^ ideal exemplar*' of 
Professor Owen, we find no place in it for the vertebrae-de- 
veloped skull of Professor Oken. The true genealogy of the 
head runs in an entirely different line. The nerves of the 
cerebral senses did not, we find, originate cerebral-verte- 
brsd, seeing that the heads of the first and second geologic 
periods had their cerebral nerves, but not their cerebral ver- 
tebrae ; and that what are regarded as cerebral-vertebrae ap- 
pear for the first time, not in the early fishes, but in the 
reptiles of the Coal formation. That line of succession 
through the fish, indicated by the Continental assertor of the 
development hypothesis, is a line cut off. All the existing 
evidence conspires to show that the placoid heads of the Si- 
lurian system were, like the placoid heads of the recent 
period, mere cartilaginous boxes; and that in the succeeding 
system there existed ganoidal heads, that to the internal car- 
tilaginous box added external plates of bone, the homologues, 
apparently, — so far at least as the merely cuticular could be 
representative of the endo-skeletal, — of the opercular, maxil- 
lary, frontal, and occipital bones in the osseous fishes of a 
long posterior period, — fishes that were not ushered upon the 
scene until after the appearance of the reptile in its highest 
forms, and of even the marsupial quadruped. 
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THE ASTER0LEPI8, ITS STRUCTURE, BULK, 

AND ASPECT. 



With the reader, if he has accompanied me thus far, I shall 
now pass on to the consideration of the remains of the AtUro- 
lepk. Our preliminary acquaintance with the cerebral pecu- 
liarities of a few of its less g^igantic contemporaries will be 
found of use in enabling us to determine regarding a class 
of somewhat resembling peculiarities which characterized 
this hugest ganoid of the Old Red Sandstone. 

The head of the AsterolepiSf like the heads of all the other 
Celacanths, and of all the Dipterians, was covered with osse- 
ous plates, — its body with osseous scales ; and, as I have 
already had occasion to mention, it is from the star-like tu- 
bercles by which the cerebral plates were fretted that M. 
Eichwald bestowed on the creature its generic name. Agas- 
siz has even erected species on certain varieties in the pat- 
tern of the stars, as exhibited on detached fragments ; but 
I am far from being satisfied that we are to seek in their 
peculiarities of style the characters by which the several 
species were distinguished. The stellar form of the tu- 
bercle seems to have been its normal or most perfect fonn, 
as it was also, with certain modifications, that of the tuber- 
cle of the Cooootteus and Pteriohthyi ; but its development as 
a complete star was comparatively rare : in most cases the 
tubercles existed without the rays, — frequently in the insu- 
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lated pap-like shape, but not rarely confluent, or of an elon- 
gated or bent form; and when to these the characteristic 
rays were added, the stars produced were of a rather eccen- 
tric order, — stars somewhat resembling the siiadows of stars 
seen in water. Individual specimens have already been 
found, on which, if we recognise the form of the tubercle as 
a specific character, several spe- 
cies might be erected. The ac- 
companying wood-cut (fig. 24) re- 
presents, from a Thurso speci- 
men, what seems to be the true 
normal pattern of these cerebral 
carvinira. Seen in profile (6), the ^ __^ --^ 

tubercles resemble little hillocks, ^ ..~-^rr ^ 

perforated at their bases by single ^'^ '^^'^« ""^ AMeroUpis. 
lines of thickly-set caves ; while ^ **' ^^ ""^ "* 

seen from above (a), the narrow piers of bone by which the 
caves are divided take the form of rays. The reader will 
scarce fail to recognise in this print the coral Monticularia 
of Lamarck, or to detect, in at least tlie profile, the pecu- 
liarity which suggested the name. 

The scales which covered the creature's body (fig. 25) were, 
in proportion to its size, considerably smaller and thinner 
than those of the Holoptychiusy which, however, they greatly 
resemble in their general style of sculpture. Each, on the 
lower part of its exposed field, was, we see, fretted by longi- 
tudinal anastomosing ridges, which, in the upper part, break 
into detached angular tubercles, placed with the apex down- 
wards, and hollowed, leaf-like, in the centre ; while that 
covered portion which was overlaid by the scales immediate- 
ly above we find thickly pitted by miscroscopic hollows, that 
give to this part of the field, viewed under a tolerably high 




>. Jantrntfflia 



Bonifying power, a, honeycombed a] 
1 'Hi* central and lower jarts of tlie interior snr- 
'jfcee of the scale (a) are in moat of the speci- 
msns irregularly roughened ; while a brosii, 
mnooth band, which runs along the top and 
sides, and aeema to have fnTniahed the line of 
attachment to the crcaCure'a body, is comgHLra- 
tively smooth. The esterior cnrvings, though 
they demand the assiBtance of the lens to nee 
Ihem aright, are of aingular elegance and 
beauty ; as perliapa the accompanying wood-out 
(fig S6>, which gires amagnifiod view of a polv- 
lion of the acale immediately above (&>, trom the 
middle of the honeycombed field on the right 
aide, to wb^« the anastomoaing ridges beud 
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gmcefiilly in their descent, may in some dogriH* ihtvc t<i 
show. I have seen a richly inlaid coat of niail, which wuh 
once worn by the puissant Charles the Fifth ; but its ela- 
borate carvings, though they belonged to the a^* of Ik*ii- 
venuto Cellini, were rude and unfinished, coiii]NinKl with 
those which fretted the armour of the Att^rvlt^pin. 

The creature's cranial buckler, which was of gn^t sizi* and 
strength, might well be mistaken for the carjiace of Home Che- 
Ionian fish of no inconsiderable bulk. The cranial bucklers 
of the larger Dipterians were ample enough to have cover- 
ed the corresponding part in the skulls of our iiiiddle-HiziHl 
market-fish, such as the haddock and whiting ; th(> buckler 
of a Coeoottetu of the extreme size would have covered, if u 
little altered in shape, the upper surface of the skull of a cod ; 
but the cranial buckler of Attervlfp'u, from which the ucconi- 
panying woodcut was taken (fig. 27), would liave considerably 
more than covered the corresponding ivuri in the skull of a 
large horse ; and I have at least one specimen in my collec- 
tion which would have fully covered the front skull of an 
elephant. In the smaller specimens, the buckler somewhat 
resembles a labourer's shovel divested of its Imndle, and 
sorely rust-eaten along its lower or cutting edge. It con- 
sisted of plates, connected at the edges by flat squamous 
sutures^ or, as a joiner might perhaps say, ^tted together in 
be9dUd joints. And in consequence of this arrangement, 
the same plates which seem broad on the exterior surface 
appear comparatively narrow on the interior one, and rie^ 
vena : the occipital plate (a), which, running from the nape 
along the centre of the buckler, occupies so considerable 
a space on its outer surface, exhibit inside a superficies re- 
duced at least one-half. Like nine-tenths of its contem- 
poraries, the Aiterolepis exhibits the little central plate be- 




tween the eyes ; but tbc efe-orbite, nolike those of the 
Coceotleiu, and of all the Dipterian genera, which were half- 
scooped out of the cr&nial buckler, half-encircled by de- 
tached plates, were pliwed completelj' witliin the field of 
the buckler, — a circumBtacce in which they resemble the 
eye-orbita of the PttriaUyt, and, among exiating fish, those 
of the sea-wolf. The characteristic is also a distinctive one 
in Cuvier'B second family of the Acauthopterygii, — the " fishes 
with hard cheeks." A deep line immediately ever the eyes, 
which, however, indicated no suture, but seems to have been 
merely ornamental, forms a sort of rudely tatooed eyebrow ; 
the marginal lines parallel to the lateral edges of the buck- 
ler were also mere tatooiogs ; bat all the others indicated 
joints which, though more or leas anchyloaed, had a real 
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mer eoriace of the cranial buckler of AttefUejiii (fig, 
fSi, — that which rested on the cartilaginoiis box which form* 
creature's interior akull, — stands out in bolder re- 
f from the stone than ita outer surface, and forms a more 
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picturesque object. Like the inner surfaces of the bucklers 
of Cooeotteus and Pteriohthyt^ but much more thickly than 
these, it was traversed by minute channelled markings, some- 
what resembling those strise which may be detected in the 
flatter bones of the ordinary fishes, and which seem in these 
to be mere interstices between the osseous fibres. And in the 
plates, as in the bones, they radiate from the centres of ossifi- 
cation, which are comparatively dense and massy, towards the 
thinner overlapping edges. These radiating lines are equally 
well marked in the cerebral bones of the human foetus. The 
three converging ridges on the outer surface we find on the 
inner surface also, — the lateral ones a little bent in the mid- 
dle, but so directly opposite those outside, that the thicken- 
ing of the buckler which takes place along their line is at 
least as much a consequence of their inner as of their outer 
elevation over the general platform. A fourth bar ran 
transversely along the nape, and formed the cross beam on 
which the others rested ; for the three longitudinal ridges 
may be properly regarded as three strong beams, which, ex- 
tending from the transverse beam at the nape to the front, 
where they converged like the spokes of a wheel at the nave, 
gave to the cranial roof a degree of support of which, from 
its great flatness, it may have stood in need. In cranial 
bucklers in which the average thickness of the plates does 
not exceed three eighth parts of an inch, their thickness in 
the centre of the ridges exceeds three quarters. The head 
of the largest crocodile of the existing period is defended 
by an armature greatly less strong than that worn by the 
Atterolepis of the Lower Old Red Sandstone. Why this 
ancient ganoid should have been so ponderously helmed 
we can but doubtfully guess ; we only know, that when na- 
ture arms her soldiery, there are assailants to be resisted, and 
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a ftate of war to be maintained. The posterior central plate, 
the homologue apparently of the occipital bone, was curiously 
carred into an ornate nuissive leaf, like one of the largt^r 
leaves of a Corinthian capital, and terminated beneath, where 
the stem should have been, in a strong osseous knob, fashion- 
ed like a pike-head. Two plates immediately over it, the 
homologues of the superior frontal bone, with the .little 
nasal plate which, perched atop in the middle, lay between 
the creature's eyes, resembled the head and breasts in the 
female figure, at least not less closely than those of the '^ lady 
in the lobster ;'* the posterior frontal plates in which the outer 
and nether half of the eye^rbits were hollowed formed a pair 
of sweeping wings ; and thus in the centre of the buckler we 
are presented with the figure of an angel, robed and winged, 
and of which the large sculptured leaf forms the body, traced 
in a style in no degree more rude than we might expect to 
see exemplified on the lichen-encrusted shield of some an- 
cient tombstone of that House of Avencl which bore as its 
arms the effigies of the Spectre Lady. Children have a pe- 
culiar knack in detecting such resemblances ; and the dis- 
covery of the angel in the cranium of the Atterolepis I owe 
to one of mine. 

It is on this inner side of the cranial buckler, where there 
are no such pseudo-joinings indicated as on the external sur- 
face, that the homologies of the plates of which it is com- 
posed can be best traced. It might be well, however, ere set- 
ting one's self to the work of comparison, to examine the skulls 
of a few of the osseous fishes of our coasts, and to mark how 
very considerably they differ from one another in their lines 
of suture and their general form. The cerebral divisions of 
the conger-eel, for instance, are very unlike those of the had- 
dock or whiting; and the sutures in the head of the gur- 
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nard are dissimilarly arranged from those in the head of the 
perch. And after tracing the general type in the more ano- 
malous forms, and finding, with Cuvier, that in even these 
the " skull consists of the same bones, though much subdi- 
vided, as the skulls of the other vertebrata,*' we will be the 
better qualified for grappling with the not greater anomalies 
which occur in the cranial buckler of the Atterolepis. The oc- 
cipital plate, Ay a, a (fig. 29), occupies its ordinary place op- 

Fig. 29. 




PLATBS OF CRANIAL BUCKLER OF ASTKROLBPIS. 

posite the centre of the nape ; the two parietals, B, B, rest be- 
side it in their usual ichthyic position of displacement ; the su- 
perior frontal we find existing,as in the young of many animals, 
in two pieces, C, C ; the nasal plate I, placed immediately 
in advance of it, is flanked, as in the cod, by the anterior fron- 
tals, D, D ; the posterior frontals, F, F, which, when viewed, 
as in the print, from beneath, seem of considerable size, and 
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describe laterally and posteriorly about one-half the eye-or- 
bits, have their area on the exteri<H* surface greatly reduced 
by the overriding squamose sutures oi the i^tes to which 
they join ; and lastly, two of these overlyii^ plates, £, E, — 
which, occurring in the line o£ the lateral bar or beam, are 
of great strength and thickness, and lie for two-thirds of 
their lei^h along the parietals, and for the remaining third 
along the superior frontals, — represent the mastoid bones. 
Such, so far as I have been yet able to read the cranial buck- 
ler of the Asterolepis, seem to be the homologies of its com- 
ponent plates. 

There were no parts of the animal more renuu*kable than 
its jaws. The under jaws, — for the nether maxillary consist- 
ed, in this fish, a»in the placoid fishes, and in the quadrupeds 
generally, of two pieces joined in the middle, — were, like 
those of the Holoptyckius, boxes of bone, which enclosed cen- 
tral masses of cartilage. The outer and under sides were 
thickly covered with the characteristic star-like tubercles ; 
and along the upper margin or lip there ran a thickly-set 
row of small broadly-based teeth, planted as directly on the 
edge of the exterior plate as iron spikes on the upper edge 
of a gate (fig. 30)» Mr Parkinson expresses some wonder, 

Fig. 30. 
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in his work on fcwailH, that, in a (iiie ichthyolitf: in the Bri- 
tish Museum, not only the l-eeth should have been preserved, 
but also the iipt ; bat we now know enoogh of the ooa- 
alnictiou of the ancient gunolds to veaae wondering. The 
Iipt were formed of as solid bone as the teeth themaelvas, 
and had aa fair a chanco of being preserved entire ; just ai 
the metallic rim of a eo<iif«l wheel has aa fair a chance of 
being preserved as the metallic ouja that project fTOm it. 
IniDiediSitely bebind the front row,^in which the teeth 
priiaenC the ordinary ichthyic appearance, — there ran a 
thinly-set row of huge rgili^ teeth, based on an intierior 
]>latfiirm of bone, whicli funned the top of the cartilage-en- 
closing box composing the jaw. These were at once htatt 
ouCwordfi and twisted laterally, somewliat like nails that 
havf been drawn out of wood by the claw of a carpenter's 
hmuiner, nnd bent awry with the wrench tfig. 311. Tliey 




were fiirrowed longilndiaally from point to base by min 
thiokly-set strife ; and were furnished laterally, in n 
of the specimens, though not in all, with two sharp cutting 
edges. The reptile had ns yet no existence in creatii 



OF TBB ABTEROIBPIS. 



8) 



I 



but we see its future coming symboliaed in the dentition of 
this ancient ganoid : it, aa it were, shawa us the eroeodilf lying 
entrenched beMnd the fiafa. The interior structure uf these 
reptile teeth is very remarkable. In the longitudiual sec- 
lion we find numerous cancclli, ranged lengthwise along the 
outer edges, but much crossed, net-like, within, — greatly more 
open towards the base than at the point, — and giving place 
in the centre to a hollow space, occasionally traversed by a 
few alim Dsaeona partitions. In the transverse section these 
ooncelli are found to radiate irom the open centre towards 
lie circumference, like the spokes of a wheel from the 
n&ve ; and each spoke Beema as if, like Aaron's rod, it had 
become instinct with vegetative life, and bad sprouted into 
branch and blossom. Seen in a microscope of limited field, 
that takes in, as in the accompanying print (fig. 33) not mnr<' 
;, Fig- 32. 
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than a fourth part of the section, the appearance presented 
is that of a well-trained wall tree. And hence the generic 
name Dendroduty given by Professor Owen to teeth found 
detached in the deposits of Moray, when the creatures to 
which they had belonged were still unknown, — a name, how- 
ever, which will, I suspect, be found synonymous rather with 
that of a family than of a genus ; for so far as I have yet ex- 
amined, I find that the dendrodic or tree-like tooth was, in 
at least the Old Red Sandstone, a characteristic of all the 
Celacanth family. I may mention, however, as a curious sub- 
ject of enquiry, that the Celacanths of the Coal Measures 
seem to have had their reptile teeth formed of pure ivory, 
— a substance which I have not yet detected among the 
reptile-fish of the Old Red. Towards the base of the reptile 
teeth of A$ter€lep%8y the interstices between the branches 
greatly widen, as in the branches of a tree in winter divest- 
ed of its foliage (fig. 33, c) ; the texture also opens towards the 

-p^ct, 33^ base in the /«A-teeth 

outside, in which, 
however, the pattern 
in the transverse sec- 
tion is greatly less 
complex and ornate 
than that which the 
reptile teeth exliibits. 

^ ^^ , . When cut across near 

A. Section qf jaw of ArieroUpu. 

c. ReptUe tooth a» thown in section. the point, they appear 

^\),&c.Bowqr ichikyic teeth in dermal ^^y^ ^ ^ ^j^j^j^ ^ 
plate of jaw. 

B. Magnified represenUUivea cf ickthyic (6), traversed by Imes 

tetth,aandb,inh. ^^aX radiate towards 

the centre ; when cut across about half-way down, they 
somewhat resemble, seen under a high magnifying power, 
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those cast-iron wheels on which the engineer mounts his 
railway carriages (a). In the longitudinal section their line 
of junction with the jaw is marked by numerous openings, 
but by no line of division, and they appear as thickly dotted 
by what were once canaliculi, or life points, as any portion of 
the dermal bone on which they rest. 

It seems truly wonderful, when one considers it, to what 
minute and obscure ramifications that variety of pattern which 
nature so loves to maintain is found to descend. It descends 
in the fishes, both recent and extinct, to even the microscopic 
structure of their teeth ; and we find, in consequence, not less 
variety of figure in the sliced fragments of the teeth of the ich- 
thyolites of a single formation, than in the carved blocks of an 
extensive calico print-yard. Each tpetnet has its own distinct 
pattern, as if, in all the individuals of which it consisted, the 
same block had been employed to stamp it ; and each ^U8 
its own general type of pattern, as if the same radical idea, 
variously altered and modified, had been wrought upon in 
all. In the Dendrodie (Celacanth !) family, for instance, it 
is the radical type, that from a central nave there should 
radiate, spoke-like, a number of arborescent branches ; but 
in the several genera and E^ecies of the family, the branches 
belong, if I may so express myself, to difibrent shrubs, and 
present dissimilar outlines. It has appeared to me, that at 
least a presumption against the transmutation of species might 
be based on those inherent peculiarities of structure which 
are thus found to pervade the entire texture of the frame- 
work of animals. If we find erections difiering from one 
another merely in external form, we have no difficulty in 
conceiving how, by additions and alterations, they might be 
brought to exhibit a perfect uniformity of plan and aspect : 
transmutation, — dewhpmenty—progrestionf — (if one may use such 
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tenns), — seem possible in such circumstances. But if the 
buildings differ from each other, not only in external form, 
but also in every brick and beam, bolt and nail, no mere 
scheme of external alteration could ever induce a real re- 
semblance. Every brick would have to be taken down, and 
every beam and bolt removed. The problem could not be 
wrought by the remodelling of an old house : the only mode 
of solving it would be by the erection of a new one. 

Of the upper maxillary bones of the JtterolepiSf I only 
know that a considerable fragment of one of the pieces, re- 
cognised as such by Agassiz, has been found in the neigh- 
bourhood of Thurso by Mr Dick, unaccompanied, however, 
by any evidence respecting its place or function. It exhibits 
none of the characteristic tubercles of the dermal bones, and 
no appearance of teeth ; but is simply a long bent bone, re- 
sembling somewhat less than the half of an ancient bow of 
steel or bom, — such a bow as that which Ulysses bended in 
the presence of the suitors. By some of the Russian geolo- 
gists this bone was at first regarded as a portion of the arm 
or wing of some gigantic Pterichthys, In the accompanying 
print (fig. 34), I have borrowed the general outline from that 

Fig. 34. 
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MAXILLARY BONB ? 

(One-fourth nat siie, linear.) 
of a specimen of Professor Asmus, of which a cast may be 
seen in the British Museum ; while the shaded pcHrtion re- 
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presenUthefragmeatfonndbj'MrDick. The inter max illa r y 
bones, like the dermaJ plates of (he lower jaw, were studded 
hj star-like tubet«1ee, aad bristled thickly aiaug their lower 
edgee with the ichtbyic teeth, flanked by teeth of the reptilian 
chonuster. - The operculee of the animal oonsiBted, aa in the 
sturgeon, of single platee (fig. 35) of great massiveness and 
sice, thickly tubercled outside, with- pjg, 35. 

out tmce of joint or suture, and mark- 
ed on their under surface by chan- 
nelled lines, that radiate, as in the 
other plates, from the centre of os- 
sification. That space along the 
nape which intervened between the 
opercules, was occupied, as in the 
JXpttna and Difleptenu, by three ldm or utholbpib. 
plates, which covered mther the an- iOm-"Ui ""■ *». "'»"•) 
terior portion of the body than the posterior portion of the 
head, and which, in the restoration of Otieottpii <(ig. 13), ap- 
pear as the plates, 9, 9, 9, I can say scarce anything regard- 
ing the lateral plates which lay between the intermaxilUries 
and tbe cranial buckler, and which exist in the OiltvUirit, fig. 
13, as the plates 2,4,5, S, and 7 ; nor do I know how the snout 
terminated, save that in a very imperfect specimen it exhi- 
bits, as in the D^iloptenu and OiltoUpit, a rounded outline, 
and was set with teeth. 

That space comprised within the itrch of the lower jaws, in 
which the hyoid boneand branchioategoua rays of the osseons 
fishes occur, was lilled hy a single plate of great size and 
strength, and of Bingular form (fig. 36); and to this plate, esist- 
ing as a steep ridge running along the centre of the interior 
surtace, and thickening into a massy knob at the anterior ter- 
mination, that nail-shaped organism, which I have described 
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as one of the inoBt characteristic bonee of the Atleroitpii, 
belonged. In the Ottralepu, the space corresponding to that 
occnpied by this hyoid plate was filled, as shown in fig. 
14, by five plates of not inelegant form j and the divisions 
of the arch resembled those of a small Gothic window, in 
which the single central mnllion parts into two branches atop. 
In the Holopi^iiu and Gljptol^ there were but two plates ; 
for the central muUion, i. e. line of division, did not branch 
atop ; and in the .^iterofaptt, where there was no line of di- 
vision, the strong nail-like bone occnpied the place of the 
central muUion.. The hyoidal anoature of the latter fisli 
was strongest in the line in which the others were weakest. 
Each of the five hyoid plates of the Oiteoltpii, or of the two 
plates of the GlyptoUfn* or HoloplyehUu, bad its own centre 
of ossification ; and in the single plate of Ailemlepii, the 
centre of ossification, as shown by the radiations of the fibre, 
was the tuiW-head. This head, placed in immediate con- 
tact with the strong boxes of bone which composed the 
under jaw. Just where their central joining occurred, seems to 
have lent them a considerable degree of support, which at 
such a juncture may have been not unnecessary. In some of 
the nail-heads, belonging, it is probable, to a different specie 
of .(Ji(<n)/>7)i>froin that in which the nail figured in page 7,and 
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Fig. 37. 




the plate in the opposite page, occurred, — for its general form 
is different (fig. 37), — there appear well-mark- 
ed ligamentary impressions, closely resembling 
that little spongy pit in the head of the human 
thigh-bone to which what is termed the round 
ligament is attached. The entire hyoid-plate, 
viewed on its outer side, resembles in form the 
hyoid-bone,— or cartilage rather,— of the spot- 
ted dog-fish {Scjiillium tteUare) ; but its area was 
at least a hundred times more extensive than 
in the largest Seyllium, and, like all the der- 
mal plates of the Atterofepii, it was thickly fret- 
ted by the characteristic tubercles. In the Ray, 
as in the Sharks, the piece of thin cartilage of 
which this plate seems the homologue, is a flat, 
semi-transparent disk ; and there is no part 
of the animal in which the progress of those 
bony molecules which encrust the internal 
framework may be more distinctly traced, as if in the act of 
creeping over what they cover, in slim threads or shooting 
points, — and much resembling new ice creeping in a frosty 
evening over the surface of a pool. 

That suite of shoulder-bones that in the osseous fishes 
forms the belt or Trame on which the opercules rest, and fur- 
nishes the base of the pectorals, was represented in the As- 
terolepis, as in the sturgeon, by a ring of strong osseous plates, 
which, in one of the two species of which trace is to be found 
among the rocks of Thurso, were curiously fretted on their 
external surfaces, and in the other species comparatively 
smooth. The largest, or coracoidian plate of the ring, as it 
occurs in the more ornate species (fig. 38), might be readily 
enough mistaken, when seen with only its surface exposed, 
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for the itli thy 11(1 orulitc^ of some large fish, allied, mayhap, to 
the Gyracaathia fonuvai of the Coal MenHurea [ but w 
detaclied from the stone, the holbw form and peculiar « 
of the inferior surface serve to estsbliah its true character as 
a dermal plate. The diagonal furroiriDgs wliich traversed 
il, 08 the twisted flutlags traverse a Gothic column moulded 
after the type of the Apprentice Pillar in RosUii chapel, si 
to liave underlaid the edge of the opercule ; at least 1 find a 
similar arrangement in the shoulder-plates of a large species 
of DifiufAtrat, which are deeply grooved and furrowed where 
the opercule rested, aa if with tLe design of keeping up a 
eommutiication between the branchia.' and the external eles 
nient, even when the gill-cover waa pressed closely down 
upon them. And,-~as in these shoulder plates of the Dip- 
lupitna the furrows yield their place beyond the edge of the 
opercule to the punctulated enamel common to the oi 
eur&ce of all the creature's external plates and scales, — wc 
lind them yielding their 'place, in the shoulder-plates of the 
A^eriiepu, to the starred tubercles. 

A few detached bones, that beai' on their outer surfaeea 
the dermal markings, must have belonged to that angular- 
shaped iMirtiou of the head wliich intervened between 
cranial buckler and the intennaxilhiry bone ; bnt tlie kcjr 
for aasigning to them their proper place is still to find ; a: 
I loapMt that no smount uf skill on tlie port of the com[ 
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rative anatomist will ever qaalify him to complete the work 
of restoration vitliout it. I have cobmitted to the re«der 
the cranial bucklers of j(m several genera of tile ganoids of 
the Old Rad Sandstone ; but no amonnt of stndj bestowed 
on these would enable eveo the most skilAit ichthyologist 
to restore a tixth ; nor is the Isiteral area of the head, which 
woa, 1 find, variouiJy occupied in each genus, less difficult 
to restore than the buckler which surmounted it. Two of 
the more entire of these dermal bones I have figured (fig. 
39, a and b), in the hope of aniating future inquirera, who. 

Fig. 39. 




lOna-lklid ut. ■lie. 11d«u.> 

were they to pick np all the other plates, might yet be un- 
able, lacking the figured ones, to complete the whole. The 
curiously-shaped plate a, represented in its various sides by 
the figures 1, 2, 3, is of an acutely angular form in the 
transverse section (the external surface, 1, forming an angle 
which varies from thirty to forty-five degrees with the base, 
3) ; and as it lay, it is probable, when in its original place. 
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Fig. 40. 




immediately Under the edge of the cranial backler, it may 
have served to commence the line of deflection from the flat 
top of the head to the steep descent of the sides, just as what 
are technically termed the <ptcr-stones in a gable-head serve 
to commence the line of deflection from the vertical out- 
line of the wall to the inclined line of the roof, or as the 
spring-stones of an arch serve to commence the curve. A 
few internal bones in my possession are curious, but exceed- 
ingly puzzling. The bone a, flg. 
40, which resembles a rib, or bran- 
chiostegous ray, of one of the or- 
dinary fishes, formed apparently 
part of that osseous style which 
in fishes such as the haddock and 
cod we find attached to the suite 
of shoulder-bones, and which ac- 
cording to Cuvier is the analogue 
of the coracoidian bone, and ac- 
cording to Professor Owen, the ana- 
logue of the clavicle. Fig. 6 is a 
mere fragment, broken at both 
ends, but exhibiting, in a state of good keeping, lateral 
expansions, like those of an ancient halbert. Fig. c, 41, 
which is also a fragment, though a more considerable one, 
bears in its thicker and straighter edge a groove like thai 
of an ichthyodorulite, which, however, the bone itself in 
no degree resembles. Fig. d is a, flat bone, of a type com- 
mon in the skeleton of fishes, but which in mammals we find 
exemplified in but the scapulars. It seems, like these, to 
have furnished the base to which some suite of moveable 
bones was articulated, — in all likelihood that proportion of 
the carpal bonelets of the pectoral fins which are attached in 
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INTBRNAL BOITBS OF ASTBllOLKPfS. 

(One-third nai. siie, linnrJ 
the osseous fishes to its apparent homologue, the radius. Fi^;. 
€f a slim light Ixme, which narrows and thickens in tlio 
centre, and flattens and broadens at each end, was proYiably 
a scapula or shoulder-blade, — a bone which in most fishes 
tplieei on, as a sailor would say, bv squamose jointings, to the 
coracoidian bone at the one end, and the super-scapular bone 
at the other. As indicated by its size, it must have belonged 
to a small individual : it is, however, twice as long, and 
about six times as bulky, as the scapula of a large cod. 

Of the bone represented in fig. 42, 1 have determined, from 
a Cromarty specimen, the place and use : it formed the intcs 
rior base to which one of the ventral fins was attached. In 
all fishes the bones of the hinder extremities are inadequately 
represented : in none do we find the pelvic arch complete ; 
and to that nether portion of it which we do find repre- 
sented, and which Professor Owen regards as the homologuo 
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Fig. 42. 




ISCHIUM OF ASTXROLRPI& 

(One-half nat. size, linear.) 
of the 08 itohium or hip-bone, the homologaes of the metatar- 
sal and toe-bones are attached, to the exclusion of the bones 
of the thigh and leg. In the Abdominales, — fishes such as 
the salmon and carp, — that have the ventnds placed behind 
the abdomen, in the position analogous to that in which the 
hinder legs of the reptiles and mammals occur, the ischiatic 
bones generally exist as flat triangular plates, with their heads 
either turned intpards and downwards, as in the herring, or out- 
wards and downwards, as in the pike ; whereas in some of the 
cartilaginous fishes, such as the Rays and Sharks, they exist 
as an undivided cartilaginous band, stretched transversely 
from ventral to ventral. And such, with but an upward di- 
rection, appears to have been their position in the AiUrolepu. 
They seem to have imited at the narrow neck A, over the 
middle of the lower portion of the abdomen ; and to the 
notches of the flat expansion B, — notches which exactly re- 
semble those of the immensely developed carpal bones of the 
Ray, — five metatarsal bones were attached, from which the 
fin expanded. It is interesting to find the number in this 
ancient representative of the vertebrata restricted to five, — a 
number greatly exceeded in most of the existing fishes, but 
which is the true normal number of the vertebrate sub-king- 
dom, as shown in all the higher examples, such as man, the 
quadrumana, and in most of the eamaria. The form of this 
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bone somewhat resembles that of the analogous bone in those 
fishes, such as the perch and gurnard, cod and haddock, which 
hare their ventrals suspended to the scapular belt ; but its 
position in the Cromarty specimen, and that of the ventrals 
in the various specimens of the Celacanth family in which 
their place is still shown, forbids the supposition that it was 
so suspended, — a circumstance in keeping with all the exist- 
ing geological evidence on the subject, which agrees in indi- 
cating, that of the low type of fishes that have, monster-like, 
their feet attached to their necks, the Old Red Sandstone 
does not afford a trace. This inferior type, now by far the 
most prevalent in the ichthyic division of the animal king- 
dom, does not seem to have been introduced until near the 
close of the Secondary period, long after the fish had been 
degraded from its primal place in the fore-front of creation. 
In one of my specimens a few fragments of the rays are pre- 
served (fig. 43, b.) They are about the 
eighth part of an inch in diameter ; 
depressed in some cases in the centre, 
as if, over the internal hollow formed 
by the decay of the cartilaginous cen- 
tre, the bony crust of which they are »• ^^'^/ '"^ '^ 

composed had given way ; and, like b. Single joint of ray oj 

^ " Agterolfpis. 

the rays of the thomback, they are 

thickened at the joints, and at the processes by which they 
were attached to the ischiatic base. It may be proper I 
should here state, that of some of the internal bones figur- 
ed above I have no better evidence that they belonged to 
the Jsterolepis, than that they occur in the same beds with 
the dermal plates which bear the characteristic star-like 
markings, — that they are of very considerable size, — and that 
they formed no part of the known fishes of the formation. 



Fig. 43. 

a 
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On exactl}' the same groanda I infer, that certain targe co- 
proUtes of common occmrence in the Thurso flagstoneB, which 
contain the broken scales of Dipteriana, and exhibit a curious- 
ly twisted form (fig 44) also belonged Co the Attenlepii ; and 
Fig 44 
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from these, that the creature was carnivorous in its habits,^ — 
an inference which the character of its teeth fully corrobo- 
rates ; and ftrther, that, like the sharks and rays, and some 
of the extinct enaliosaurs, it possessed the spiral dispoiution 
uf Intestioe. Pale;, in his chapter on the cotnpensatorjr 
coDtrivancas palpable in the structure of various aoimals, re- 
fers to a peculiar suhstitutory provision which occurs in a 



■ One of the Thurso ooprolites In m; possesaion is about une- 
ronrlb longer than the larger of the two specimens lig:ured hurr 
and neuiy tbrloe as broad. 
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certain amphibious animal described in the Memoirs of the 
French Academy. ^ The reader will remember/' he says, 
" what we hare already observed concerning the iMte$tiMi 
canal, — that its length, so many times exceeding that of the 
body, promotes the extraction of the chyle from the ali- 
ment, by giving room for the lacteal vessels to act u])on it 
through a greater space. This long intestine, whenever it 
occurs^ is in other animals disposed in the abdomen from 
side to side, in returning folds. But in the animal now 
under our notice, the matter is managed otherwise. The 
same intention is mechanically effectuated, but by a me- 
chanism of a different kind. The animal of which I speak 
is an amphibious quadruped, which our authors call the 
alopecias or sea-fox. The intestine is straight from one end 
to the other ; but in this straight, and consequently short 
intestine, is a winding, cork-screw, spiral passage, through 
which the food, not without several circumvolutions, and, in 
fact, by a long route, is conducted to its exit. Here the 
shortness of the g^t is compensated by the obliquity of the 
perforation." This structure of intestine, which all the true 
placoids possess, and at least the Sturiones among existing 
ganoids, seems to have been an exceedingly conmion one 
during both the Palseozoic and Secondary periods. It has 
left its impress on all the better preserved coprolites of the 
Coal Measures, so abundant in the shales of Newhaven and 
Burdie House, and on those of the Lias and Chalk. It seems 
to be equally a characteristic of well nigh all the bulkier copro- 
lites of the Lower Old Red Sandstone.* In these, however, it 



* In two of these, in » collection of several score, I have failed 
to detect the spiral markings, though their state of keeping is de- 
cidedly good.. There are other appearances which lead me to 
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manifests a peculiar trait, which I have failed to detect in 
any of the recent fishes ; nor have I yet seen it indicated, in 
at least the same degree, hy the Carboniferous or Secondary 
coprolitic remains. In the bowels which moulded the copro- 
lites of Lyme-Regis, of the Chalk, and of the Newhaven and 
Granton beds, a single screw must have winded within the 
cylindrical tube, as a turnpike stair winds within its hollow 
shaft ; and such also is the arrangement in the existing 
Sharks and Rays ; whereas the bowels which moulded the 
coprolites of the Lower Old Red Sandstone must have been 
traversed by triple or quadruple screws laid closely together, 
as we find the stalk of an old-fashioned wine-glass traversed 
by its thickly-set spiral lines of thread-like china. And so, 
while on the surface of both the Secondary and Carboniferous 
coprolites there is space between the screw-like lines for nu- 
merous cross markings that correspond to the thickly set 
veiny branches which traverse the sides of the recent pla- 
coid bowel, the entire surface of the Lower Old Red copro- 
lites is traversed by the spiral markings. Is there nothing 
strange in the fact, that after the lapse of mayhap millions 
of years, — nay, it is possible, millions of ages, — we should 
be thus able to detect at once general resemblance and spe- 
cial dissimilarity in even the most perishable parts of the 
most ancient of the ganoids ? 

I must advert, in passing, to a peculiarity exemplified in 
the state of keeping of the bones of this ancient ganiod, in 
at least the deposits of Orkney and Caithness. The original 
animal matter has been converted into a dark-coloured bi- 



suspect that the Asterolepis was not the only large fish of the 
Lower Old Red Sandstone ; but my facts on the subject arc too 
inconclusive to justify aught more than sedulous inquiry. 



STATE OF KEEPINO OF ITS REMAINS. ^ 

tumen, which in some places, where the remains lie thick, 
pervades the crevices of the rocks, and has not unfre- 
quently been mistaken for coal. In its more solid state it 
can hardly be distingoished, when used in sealing a letter, 
— a purpose which it serves indifferently well, — from black 
wax of the ordinary quality ; when more fluid, it adheres 
scarce less strongly to the hands than the coal-tar of our 
gas-works and dock-yards. Underneath a specimen of At- 
terolepis, first pointed out to me in its bed among the Thurso 
rocks by Mr Dick, and which, at my request, he afterwards 
raised and sent me to Edinburgh, packed up in a box, there 
lay a quantity of thick tar, which stuck as fast to my fingers, 
on lifting out the pieces of rock, as if I had laid hold of the 
planking of a newly tarred yawl. What had been once 
the nerves, muscles, and blood of this ancient ganoid still 
lay under its bones, and reminded me of the appearance pre- 
sented by the remains of a poor suicide, whose solitary grave, 
dug in a sandy bank in the north of Scotland, had been laid 
open by the encroachments of a river. The skeleton, with 
pieces of the dress still wrapped round it, lay at length along 
the section; and, for a full yard beneath, the white dry sand 
was consolidated into a dark-coloured pitchy mass, by the 
altered animal matter which had escaped from it percolating 
downwards, in the process of decay. 

In consequence of the curious chemical change which has 
thus taken place in the animal juices of the AtteroUpis, its re- 
mains often occur in a state of beautiful preservation : the 
pervading bitumen, greatly more conservative in its effects 
than the oils and gums of an old Egyptian undertaker, has 
maintained, in their t>riginal integrity, every scale, plate, and 
bone. They may have been much broken ere they were 
first committed to the keeping of the rock, or in 4isen- 

o 



96 THE A8TBROLBPIS : 

tangling them from its rigid embrace ; but they hare, we 
find, caught no harm when under its care. E^e the ske- 
leton of the Bruce, disinterred after the lapse of five cen- 
turies, was re-committed to the tomb, such measures were 
taken to secure its preservation, that, were it to be again 
disinterred, even after as many more centuries had passed, 
it might be found retaining unbroken its gigantic proportions. 
There was molten pitch poured over the bones, in a state of 
sufficient fluidity to permeate all the pores, and fill up the 
central hollows, and which, soon hardening around them, 
formed a bituminous matrix, in which they may lie unchang- 
ed for a thousand years. Now, exactly such was the process 
to which nature resorted with these gigantic skeletons of the 
Old Red Sandstone. like the bones of the Bruce, they are 
bones steeped in pitch ; and so thoroughly is every pore and 
hollow still occupied, that, when cast into the fire, they flame 
like torches. Though black as jet, they still retain, too, in 
a considerable degree, the peculiar qucUUies of the original 
substance. The late Mr George Sanderson of Edinburgh, 
one of the most ingenious lapidaries in the kingdom, and a 
thoroughly intelligent man, made several preparations for me, 
for microscopic examination, from the teeth and bones ; and 
though they were by far the oldest vertebrate remains he 
had ever seen, they exhibited, he informed me, in the work- 
ing, more of the characteristics of recent teeth and bone than 
any other fossils he had ever operated upon. Recent bone, 
when in the course of being reduced on the wheel to the 
degree of thinness necessary to secure transparency, is apt, 
under the heat induced by the friction, to acquire a springy 
elasticity, and to start up from the glass slip to which it has 
been cemented ; whereas bone in the fossil state usually 
lies as passive, in such circumstances, as the stone which en- 
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velopes it. Mr Sanderson was, however, surprised to find 
that the bone of the AtteroUpi$ still retained its elasticity, 
and was scarce less liable, when heated, to start from the 
glass, — a peculiarity through which he at first lost several 
preparations. I have seen a human bone that had for ages 
been partially embedded in a mass of adipocere, partially 
enveloped in the common mould of a churchyard, exhi- 
bit two very different styles of keeping. In the adipocere 
it was as fresh and green as if it had been divested of the 
integuments only a few weeks previous ; whereas the por- 
tion which projected into the mould had become brittle and 
porous, and presented the ordinary appearance of an old 
churchyard bone. And what the adipocere had done for the 
human bone in this case, seems to have been done for the 
bones of the Atterolepia by the animal bitumen. 

The size of the Atterolepis must, in the larger specimens, 
have been very great. In all those ganoidal fishes of the 
Old Red Sandstone that had the head covered with osseous 
plates, we find that the cranial buckler bore a certain de- 
finite proportion, — various in the several genera and species, 
— to the length of the body. The drawing-master still 
teaches his pupils to regulate the proportions of the human 
figure by the seven head-lengths which it contains ; and 
perhaps shows them how an otherwise meritorious drafts- 
man,* much employed half an age ago in drawing for the wood- 
engraver, used to render his figures squat and ungraceful by 
making them a head too short. Now, those ancient ganoids 
which possessed a cranial buckler may, we find, be also 
measured by head-lengths. Thus, in the Coocoeteus deoipiens, 
the length of the cranial buckler from nape to snout equal- 

* The late Mr John Thurston. 
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led one-fifth the entire length of the creature from snout 
to tail. The entire length of the Olyptdepis was equal to 
about five one-half times that of its cranial buckler. The 
Pterickthya was formed in nearly the same proportions. The 
Diphpterui was fully seven times the length of its buckler; 
and the Osteolepia from six and a half to seven. In all the 
cranial bucklers of the AtteroUpis yet found, the snout is 
wanting. The very fine specimen figured in page 75 (fig. 
28), terminates abruptly at the little plate between the eyes ; 
the specimen figured in page 74 (fig. 27), terminates at the 
upper line of the eye. The terminal portion which formed 
the snout is wanting in both, and we thus lack the measure, 
or module, as the architect might say, by which the propor- 
tions of the rest of the creature were regelated. We can, 
however, very nearly approximate to it. A hyoid plate in 
my collection (fig. 45) is, I find, so exactly proportioned in 
size to the cranial buckler (fig. 28), that it might have be- 

Fig. 46. 
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HYOID PLATS OP THURSO ABTBROLBPrS.* 

(One-fifth the lut. sise, linear.; 



* The sliaded plate (a), accidentally presented in this specimen, 
belongs to the upper part of the head. It is the posterior frontal 
plate F, which half encircled the eye-orbit (see fig. 29) ; and I have 
introduced it into the print here, as in none of the other prints, or 
ormyr other specimens, is its upper surface shown. 
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longed to the same individual ; and by fitting it in its pro- 
per place, and then making the necessary allowance for the 
breadth of the nether jaw, which swept two-thirds around 
it, and was surmounted by the snout, we ascertain that the 
buckler, when entire, must have been, as nearly as may be, a 
foot in length. If the Asterolepis was formed in the proportions 
of the CoccostetUf the buckler (fig. 28) must have belonged to 
an individual five feet in length ; if in the proportions of the 
Pterichthys or Glyptolq>it, to an individual five and a half feet 
in length ; and if in those of the JDiploptertu or Oiteolepity to 
an individual of from six and a half to seven feet in length. 
Now I find that the hyoid plate can be inscribed, — such is its 
form, — in a semicircle, of which the nail-shaped ridge in the 
middle (if we strike off a minute portion of the sharp point, 
usually wanting in detached specimens), forms very nearly 
the radius, and of which the diameter equals the breadth 
of the cranial buckler, along a line drawn across at a dis- 
tance from the nape, equal to two-thirds of the distance be- 
tween the nape and the eyes. Thus, the largest diameter of 
a hyoid plate which belonged to a cranial buckler a foot in 
length is, I find, equal to seven one-quarter inches, while 
the length of its nail somewhat exceeds three five-eighth 
inches. The nail of the Stronmess specimen measures five 
and a half inches. It must have run along a hyoid plate eleven 
inches in transverse breadth, and have been associated with 
a cranial buckler eighteen one-eighth inches in length ; and 
the AsterolepU to which it belonged must have measured from 
snout to tail, if formed, as it probably was, in the proportions 
of its brother Celacanth the GlyptclepiSf eight feet three 
inches ; and if in those of the Diploptenu, from nine feet 
nine to ten feet six inches. This oldest of Scottish fish, — this 
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earliest-born of the ganoids yet known, — was at least as 
bulky as a large porpoise. 

It was small, however, compared with specimens of the At- 
terolepis found elsewhere. The hyoid plate figured in page 
86 (fig. 36), — a Thurso specimen which I owe to the kindness 
of Mr Dick, — measures nearly fourteen inches, and the cra- 
nial buckler of the same individual, fifteen one-fourth inches, 
in breadth. The latter, when entire, must have measured 
twenty-three one-half inches in length ; and the fish to which 
it belonged, if formed in the proportions of the Olyptolepisy ten 
feet six inches ; and if in those of the IHplopteru8,from twelve 
feet five to thirteen feet eight inches in length. Did the 
shield still exist in its original state as a buckler of tough, 
enamel-crusted bone, it might be converted into a Highland 
target, nearly broad enough to cover the ample chest of a Rob 
Roy or Allan M'Aulay, and strong enough to dash aside the 
keenest broadsword. Another hyoid plate found by Mr Dick 
measures sixteen one-half inches in breadth ; and a cast in 
the British Museum, from one of the Russian specimens of 
Professor Asmus (fig. 46), twenty-four inches. The individual 
to which this last plate belonged must, if built in the shorter 
propoi*tions, have measured eighteen, and if in the longer, 
twenty-three feet in length. The two hyoid plates of the 
specimen of Hoioptyehiui in the British Museum measure but 
four and a half inches along that transverse line in which the 
Russian AsteroUpis measures two feet, and the largest Thurso 
specimen sixteen inches and a half. The maxillary bone of 
a cod-fish two and a half feet from snout to tail measures 
three inches in length. One of the Russian maxillary bones 
in the possession of Professor Asmus measures in length 
twenty-eight inches. And that space circumscribed by the 



ITS BULK AND OROANIZATION. 
Fig. 46. 




sweep of the lower jaw which it took, in the Rusnan speci- 
meu, a hyoid plate twenty-four inches in breadth to fill, could 
be filled in the two-and-a-half-feet cod by a plate whose 
breadth equalled bat an inch and a half. Thns, in the not 
unimportant circDmstance of size, the moat ancient ganoidi 
fet known, instead of taking their places, a^ee&bl; to the 
demands of the development hypothesis, among the sprats, 
sticklebacks, and minnows of their class, took their place 
among its huge basking aharks, gigantic Btnrg«ons, and bulk]' 
sword-fishes. They were giaots, not dwarfs. 

But what of their oi^^ization ( "Were they fishes low or 
high in the scale t On this head we can, of course, determine 
merely by the anidogiet which their structure exhibits to 
that of fishee of tlie existing period ; and these point in three 
several directions ; — in two of the number, directly ou genera 
of the high ganoid order; and in the third, ou the still higher 
placoids and enalioeauts. No trace of vertebrs has yet been 
fbund ; and so we infer, — lodging, however, a precanUon- 
ary protest, m the evidence is pnraly negative, and there- 
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fore in some degree inconclusivey — that the vertebral column 
of the AsteroUpia was, like that of the sturgeon, cartilaginous. 
Respecting its external covering, we positively know, as has 
been already shown, that, like the Lepidottem of Ameiicaand 
tho Polypterus of the Nile, it was composed of strong plates 
and scales of solid bone ; and, regarding its dentition, that, as 
in these last genera, and even more decidedly than in these, 
it was of the mixed ichthyic-reptilian character, — an outer 
row of thickly-set fish-teeth being backed by an inner row of 
thinly-set reptile-teeth. And its form of coprolite indicates 
the spiral disposition of intestine common to the Rays and 
Sharks of the existing period, and of the Ichthyosauri of the 
Secondary ages. Instead of being, as the development hypo- 
tliesis would require, a fish low in its organization, it seems 
to liave ranged on the level of the highest ichthyic-reptilian 
families ever called into existence. Had an intelligent being, 
ignorant of what was going on upon earth during the week 
of creation, visited Eden on the morning of the sixth day, he 
would have found in it many of the inferior animals, but no 
trace of man. Had he returned again in the evening, he 
would have seen, installed in the office of keepers of the gar- 
den, and ruling with no tyrant sway as the humble monarclis 
of its brute inhabitants, two mature human creatures, perfect 
in their organization, and arrived at the full stature of their 
race. The entire evidence regarding them, in the absence 
of all such information as that imparted to Adam by Milton's 
angel, would amount simply to this, that in the morning man 
was not, and that in the evening he was. There, of course, 
could not exist, in the circumstances, a single appearance to 
sanction the belief that the two human creatures whom he 
saw walking together among the trees at sunset had been 
''developed from infusorial points^" not created mature. 
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The eYidence would, on the contrary, lie all the other way. 
And in no degree does the geologic testimony respcH^ting the 
earliest ganoids differ from what, in the supposed case, would 
he the testimony of Eden regarding the earliest men. Up to a 
certain point in the geologic scale we find that the ganoidH 
art not; and when they at length make their appearance 
upon the stage, they enter large in their stature and high in 
their organization. 



?WJ^ 
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FISHES OF THE SILURIAN ROCKS— UPPER AND 

LOWER. 

THEIR RECENT HISTORY^ ORDER, AND SIZE. 



But the system of the Old Red Sandstone represents the 
seeondy not the firsi, great period of the world's history. There 
was a preceding period at least equally extended, perhaps 
greatly more so, represented by the Upper and Lower Silu- 
rian formations. And what is the testimony of this morning 
period of organic existence, in which, so far as can yet be 
shown, vitality, in the planet which man inhabits, and of 
whose history or productions he knows anything, was first 
associated with matter ? May not the development hypo- 
thesis find a standing in the system representative of this 
earliest age of creation, which it fails to find in the system 
of the Old Red Sandstone ! 

It has been confidently asserted, not merely that it maif, 
but that it does. Ever since the publication, in 1839, of Sir 
Roderick Murchison's great work on the Silurian System, 
it had been known that the remains of fishes occur in a bed 
of the ** Ludlow Rock," — one of the most modern deposits 
of the Upper Silurian division ; and subsequent discoveries, 
both in England and America, had shown that even the base 
of this division has its ichthyic organisms. But for year 
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after year, the lower half of the system, — a division more 
than three thousand feet in thickness, — had failed, though 
there were hands and eyes busy among its deposits, to yield 
any vertebrate remains. During the earlier half of the first 
great period of organic existence, though the polyparia, ra- 
diata, articulata, and mollusca, existed, as their remains tes- 
tified, by myriads, fish had, it was held, not yet entered upon 
the scene ; and the assertors of the development theory 
founded largely on the presumed fact of their absence. ** It 
is still customary," says the author of the ** Vestiges of Crea« 
tion,'* in his volume of ^ Explanations," ** to speak of the 
earliest fauna as one of an elevated kind. When rigidly 
examined, it is not found to be so. In the first place, it 
CONTAINS NO FISH. There were seas supporting crustacean 
and molluscan life, but uUeriy devoid of a clots of tenants who 
teem able to live in every example of tkaJt element which tupportt 
meaner erecUuret, This single fact, that only invertebrated 
animals now lived, is surely in itself a strong proof that, in 
the course of nature, time was necessary for the creation of 
the superior creatures. And if so, it undoubtedly is a power- 
ful evidence of such a theory of development as that which 
I have presented. If not, let me hear an equally plausible 
reason for the great and amazing fact, that seas were for 
numberless ages destitute of fish. I fix my opponents down 
to the consideration of this fact, so that no diversion respect- 
ing high molluscs shall avail them." And how is this bold 
challenge to be met t 

Most directly, and after a fashion that at once discomfits 
the challenger. 

It might be rationally enough argued in the case, that the 
author of the *' Vestiges" was building greatly more on a 
piece of purely negative evidence, — the presumed absence of 
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iish from the Lower Silurian formations, — than purely negative 
evidence is, from its nature as such, suited to bear; that only 
a very few years had passed since it was known that verte- 
brate remains occurred in the Upper Silurian, and only a few 
more since they had been detected in the Old Red Sandstone; 
nay, that within the present century their frequent occur- 
rence in even the Coal Measures was scarce suspected ; and 
that, as his argument, had it been founded twelve years ago 
on the supposed absence of fishes from the Upper Silurian, 
or twenty years ago on the supposed absence of fishes from 
the Old Red Sandstone, would have been quite as plausible 
in reference to its negative data then as in reference to its 
negative data now, so it might now be quite as erroneous as it 
assuredly would have been then. Or it might be urged, that 
the fact of the absence offish from the Lower Silurians, even 
were it really a &ct, would be in no degree less reconcileable 
with the theory of creation by direct act, than with the hypo- 
thesis of gradual development. The fact that Adam did not 
exist during the first, second, third, fourth, and fifth days of 
the introductory week of Scripture narrative, furnishes no ar- 
gument whatever against the fact of his erea/tion on the sixth 
day. And the remark would of course equally apply to 
the non-existence of fishes during the Lower Silurian period, 
had they been really non-existent at the time, and to their 
sudden appearance in that of the Upper. But the objec- 
tion admits of a greatly more conclusive answer. ** I fix my 
opponents down," says the author of the ** Vestiges," •* to 
the consideration of this &ct,'* i. e, that of the absence of 
fishes from the earliest fossiliferous formations. And I, in 
turn, fix you down, I reply, to the consideration of the 
antagonist &ct, not negative, but positive, and now, in the 
course of geological discovery, fully established^ that fishes 
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were not absent from the earliest fossiliferous formations. 
From none of the great geological formations were fishes ab- 
sent, — not even from the formations of the Cambrian divi- 
sion. ** The Lower Silurian/' says Sir Roderick Murchison, in 
a communication with which, in 1847, he honoured the writer 
of these chapters, ^ is no longer to be viewed as an inverte- 
brate period ; for the Onchtis (species not yet decided) has been 
found in the Uandeilo Flags and in the Lower Silurian rocks 
of Bala. In one respect I am g^tified by the discovery; for 
the form is so very like that of the Onchus Murehiioni of the 
Upper Ludlow rock, that it is clear the Silurian system is one 
great natural-history series, as is proved, indeed, by all its 
other organic remains." It may be mentioned further, in ad- 
dition to this interesting statement, that the Bala spine was 
detected in its calcareous matrix by the geologists of the Gro- 
vemment Survey, and described to Sir Roderick as that of 
an OnofttM, by a very competent authority in such matters, — 
Professor Edward Forbes ; and that the annunciation of the 
existence of spines of fishes in the Llandeilo Flags we owe to 
one of the most cautious and practised geologists of the pre- 
sent age^ — Professor Sedgwick of Cambridge. 

So much for the foot of the existence of vertebrata in the 
Lower Silurian formations, and the <»rgument founded on their 
presumed absence. Let me now refer, — their presence being 
determined, — to the tests of size and organization. Were these 
Silnrian fishes of a bulk so inconsiderable as in any degree 
to sanction the belief that they had been developed shortly be- 
fore from microscopic points ! Or were they of a structure so 
low as to render it probable that their development was at the 
time incomplete I Were they, in other words, the embryos 
and foetuses of their class I or did they, on the contrary, rank 
with the higher and larger fishes of the present time ? 
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It is of importance that not only the direct bearing, hut 
also the actual amoufU^ of the evidence in this case^ should be 
tiairly stated. So far as it extends, the testimony is clear ; 
but it does not extend far. All the vertebrate remains 
yet detected in the Silurian System, if we except the de- 
bris of the Upper Ludlow bone-bed, might be sent through 
the Post-Office in a box scarcely twice the size of a copy 
of the '' Vestiges." The naturalist of an exploring party, 
who, in crossing some unknown lake, had looked down 
over the side of his canoe, and seen a few fish gliding 
through the obscure depths of the water, would be but 
indifferently qualified, from what he had witnessed, to write 
a history of aU its fish. Nor, were the some six or eight 
individuals of which he had caught a glimpse to be of 
small size, would it be legitimate for him to infer that only 
small-sized fish lived in the lake ; though, were there to be 
some two or three large ones among them, he might safely 
affirm the contrary. Now, the evidence regarding the fishes 
of the Silurian formation very much resembles what that 
of the naturalist would be, in the supposed case, regarding 
the fishes of the unexplored lake ; with, however, this dif- 
ference, that as the deposits of the ancient system in which 
they occur have been examined for years in various parts of 
the world, and all its characteristic organisms, save the 
ichthyic ones, found in great abundance and fine keeping, 
we may conclude that the fish of the period were compara- 
tively few. The palsaontologist, so far as the question of 
number is involved, is in the circumstances, not of the natu- 
ralist who has only once crossed the unknown lake, but of 
the angler who, day after day, casts his line into some inland 
sea abounding in shell-fish and Crustacea, and, after the lapse 
of months, can scarce detect a nibble, and, after the lapse of 
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years, can reckon up all the fish which he has caught as con- 
siderably under a score. The existence of this great division 
of the animal kingdom, like that of the earlier reptiles dur- 
ing the Carboniferous period, did not form a prominent cha- 
racteristic of those ages of the earth's history in which they 
began to be. 

The earliest discovered vertebral remains of the system, — 
those of the Upper Ludlow rock^ — were found in digging the 
foundations of a house at Ludford, on the confines of Shrop- 
shire, and submitted, in 1838, by Sir Roderick Murchison 
to Agassiz, through the late Dr Malcolmson of Madras. I 
used at the time to correspond on geological subjects with 
Dr Malcolmson, — an accomplished geologist and a good man, 
too early lost to science and his friends, — and still remember 
the interest which attached on this occasion to his commu- 
nication bearing the Paris post-mark, from which I learned 
for the first time that there existed ichthyic fragments 
greatly older than even the ichthyolites of the Lower Old 
Red Sandstone, and which made me acquainted with Agas- 
siz's earliest formed decision regarding them. Though ex- 
isting in an exceedingly fragmentary condition, — for the 
materials of the thin dark-coloured layer in which they had 
lain seemed as if they had been triturated in a mortar, — 
the ichthyologist succeeded in erecting them into six ge- 
nera ; though it may be very possible, — as some of these 
were formed for the reception of detached spines, and others 
for the reception of detached teeth, — that, as in the case of 
Dipterus and Asterolepis, the fragments of but a single genus 
may have been multiplied into two genera or more. And 
minute scale-like markings, which mingled with J^he gene- 
ral mass, and were at first regarded as the impressions of real 
scales, have been since recognised as of the same character 
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with the scale-like markings of the Seraphim of Forfarshire, 
a huge crustacean. Even admitting, however, that a set 
of teeth and spines, with perhaps the shagreen points re- 
presented in page 30, fig. 2, 6, in addition, may have all be- 
longed to but a single species of fish, there seem to be mate- 
rials enough among the remains found, for the erection of 
two species more. And we have evidence that at least two 
of the three kinds were fishes of the Placoid order (Onehus 
Murehis(mi and Onohtu tenuistriatus), and, — ^as the supposed 
scales must be given up, — no good evidence that the other 
kind was not. The ichthyic remains of the Silurian System 
next discovered were first introduced to the notice of geo- 
logists by Professor Phillips, at the meeting of the British 
Association in 1842.* They occurred, he stated, in a quarry 
near Hales End, at the base of the Upper Ludlow rock, im- 



* " Mr Phillips proceeded to describe some remains of a small 
fish, resembling the Cheiraecmthus of the Old Red Sandstone, 
scales and spines of which he had found in a quarry at Hales 
End, on the western side of the MaWerns. The section presented 
beds of the Old Red Sandstone inclined to the west ; beneath 
these were arenaceous beds of a lighter colour, forming the junc- 
tion with Silurian shales ; these, again, passing on to calcareous 
beds in the lower part of the quarry, containing the corals and 
shells of tbe Aymestry Limestone, of their agreement with which 
stronger evidence might be obtained elsewhere. He had found 
none of these scales in the junction beds or in the Upper Ludlow 
shales; but about sixty or one hundred feet lower, just above the 
Aymestry Limestone, his attention had been attracted to dis- 
coloured spots on the surface of the beds, which, upon microscopic 
examination, proved to be the minute scales and spines before 
mentioned. These remains were only apparent on the surface, 
whilst the ' fish-bed' of the Upper Ludlow rock, as it usually oc- 
curred, was an inch thick, consisting of innumerable small teeth 
and spines.*' — Report y in " Athenaeum" for 1842, of the Proceedings 
of the Twelfth Meeting of British Association (Manchester). 
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mediately over the Aymestry Limestohe, and were so ex- 
ceedingly diminutive, that they appeared to the naked eye 
as mere discoloured spots; but resolved under the micro- 
scope into scattered groupes of minute spines, like those 
of the Che%r€ieanthu$jWiih. what seemed to be still more minute 
tccUeSy or perhaps, — wliat in such circumstances could scarce 
be distinguished from scales, — shagreen points of the scale- 
like type. The next ichthyic organism detected in the Si- 
lurian rocks occurred in the Wenlock Limestone, a consi- 
derably lower and older deposit, and was first described in 
the "Edinburgh Review" for 1845 by a vigorous writer 
and masterly geologist (generally understood to be Professor 
Sedgwick of Cambridge), as " a characteristic portion of a 
fish undoubtedly belonging to the Cesfkuciont family of the 
placoid order." In the '' American Journal of Science" for 
1846, Professor Silliman figured, from a work of the States' 
Surveyors, the defensive spine of a placoid found in the 
Onondago Limestone of New York, — ^a rock which occurs near 
the base of the Upper Silurian System, as developed in the 
western world ;* and in the same passage he made reference 
to a mutilated spine detected in a still lower American 
deposit, — the Oriskany Sandstone. In the ** Greological 
Journal for 1847, it was announced by Professor Sedgwick, 



* " This is the lowest position*' (that of the Onondago Lime^ 
stone) "in the State of New York in which any remains have 
been found higher in the scale of organized beings than OrtuUtcea, 
with the exception of an imperfectly preserved fish-bone discover- 
ed by Hall in the Oriskany Sandstone. That specimen, together 
with the defensive fish-bone found in this part of the New York 
system, famishes evidences of the existence of animals belonging 
to the class vertebrata daring the deposition of the middle part of 
the protozoic strata." — Ameriean J<mmal of Science and Arts for 
1846, p. 63. 

H 
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that he had found ^ eU- 
fencei of fiAet'* in the 
Upper Llandeilo Flags, 
and by Sir Roderick 
Marchi8on,that the ** de- 
fence of an Onekiu^* had 
been detected by the 
geologists of the Go- 
vernment survey, in the 
Limestone near Bala. 
Sir Roderick referred in 
the same number to the 
remains of a fish found 
by Professor Phillips in 
theWenlockShale. And 
such, up to the present 
time, is the actual amount 
of the evidence with 
which we have to deal, 
and the dates of its 
piecemeal production. 
Let us next consider 
the order of its ooeurrenre 
in the geologio tocde. 

The better marked 
sub-divisions of the Si- 
lurian System, as de- 
scribed in the great 
work specially devoted 
to it, may be regarded 
as seven in number. An 
eighth has since been 
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added,by the transference of theTilestones from the lower part 
of the Old Red Sandstone group, to the upper part of the Silu- 
rian group underneath ; but in order the better to show how 
ichthyic discovery has in its slow course penetrated into the 
depths, I shall retain the divisions recognised as those of the 
system when that course began. The highest or most modem 
Silurian deposit, then (No. 1 of the accompan3dng diagram), is 
the Upper Ludlow Rock ; and it is in the superior strata of this 
division that the bone-bed discovered in 1838 occurs ; while 
the exceedingly minute vertebrate remains described by Pro- 
fessor Phillips in 1842 occur in its base. The division next in 
the descending order is the Aymestry Limestone (No. 2) ; 
the next (No. 3) the Lcwer Ludlow rock ; then (No. 4) the 
Wenlock or Dudley Limestone occurs ; and then, last and 
oldest deposit of the Upper Silurian formation, the Wenlock 
shale (No. 5). It is in the fourth, or Wenlock Limestone 
division, that the defensive spine described in the " Edinburgh 
Review" for 1845 as the oldest vertebrate o]*ganism known at 
the time, was found ;* while the vertebrate organism found 
by Professor Phillips belongs to the fifth, or base deposit of 
the Upper Silurian. Further, the American spines of Onon- 
dago and Oriskany, described in 1846, occurred in rocks 
deemed contemporary with those of the Wenlock division. 
We next cross the line which separates the base of the Upper 
from the top of the Lower Silurian deposits, and find a great 
arenaceous formation (No. 6), known as the Garadoc Sand- 
stones ; while the Llandeilo Flags (No. 7), the formation 
upon which the sandstones rest, compose, according to the 
sections of Sir Roderick, published in 1839, the lowest de- 



* " The shales oUernMing with the Wenlock Limestone." {Edin- 
bwrgh Review,) 
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posit of the Lower Silurian rocks. And it is in the upper 
'part of this lowest member of the system that the ichthyic 
defences announced in 1847 bj Professor Sedgwick occur. 
Vertebrate remains have now been detected in the same re- 
lative position in the teventh and most ancient member of the 
system, that they were found to occupy in its fint and 
mott modem member ten years ago. But this is not all. 
Beneath the Lower Silurian division there occur vast fossi- 
liferous deposits, to which the name ^ Cambrian System" was 
given, merely provisionally, by Sir Roderick, but which Pro- 
fessor Sedgwick still retains as representative of a distinct 
geologic period ; and it is in these, greatly below the Lower 
Silurian base line, as drawn in 1839, that the Bala Limestones 
occur. The Plynlimmon rocks (a), — a series of conglome- 
rate, grauwacke, and slate beds, several thousand yards in 
thickness, — ^intervene between the Llandeilo Flags and the 
Limestones of Bala (6). And, of consequence, the defensive 
spine of the Onehviy announced in 1847 as detected in these 
limestones by the geologists of the Government Survey, must 
have formed part of a fish that perished many ages ere the 
oldest of the Lower Silurian formations be^an to be depo- 
sited. 

Let us now, after this survey of both the amount of our ma- 
terials, and the order and time of their occurrence, pass on to 
the question of size, as already stated. Did the ichthyic re- 
mains of the Silurian System hitherto examined and de- 
scribed belong to large or to small fishes ! The question 
cannot be altogether so conclusively answered as in the case 
of those ganoids of the Lower Old Red Sandstone whose der- 
mal skeletons indicate their original dimensions and form. 
In fishes of the placoid order, such as the Sharks and Rays, 
the dermal skeleton is greatly less continuous and persistent 
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than in such ganoids as the Bipterians and Celacanths ; and 
when their remains occur in the fossil state, we can reason, in 
most instances, regarding the bulk of the individuals of which 
they formed part, merely from that of detached teeth or spines, 
whose proportion to the entire size of the animals that bore 
them cannot be strictly determined. We can, indeed, do little 
more than infer, that though a large placoid may have been 
armed with but small spines or teeth, a small placoid could 
not have borne very large ones. And to this placoid order all 
the Silurian fish, from the Aymestry Limestone to the Cam- 
brian deposits of Bala inclusive, unequivocally belong. Nor, 
as has been already said, is there sufficient evidence to show 
that any of the ichthyic remains of the Upper Ludlow rocks 
do not belong to it. It is peculiarly the order of the system. 
The Ludlow bone-bed contains not only defensive spines, but 
also teeth, fragments of jaws, and shagreen points ; whereas, 
in all the inferior deposits which yield any trace of the ver- 
tebrata, the remains are those of defensive spines exclusive- 
ly. Let us, then, take the defensive spine as the part on 
which to found our comparison. 

One of the best-marked placoids of the Upper Ludlow 
bone-bed is that Onehus Murdiitoni to which the distinguished 
geologist whose name it bears refers, in his communication, 
as so nearly resembling the oldest placoid yet known, — that 
of the Bala Limestone. And the living fishes with which 
the Onehus Murdiitoni must be compared, says Agassiz, 
though '' the affinity," he adds, " may be rather distant,'* are 
those of the genera ^ Cestrcieion, Centrina, and Spinax" I 
have placed before me a specimen of recent Spinax, of a 
species well known to all my readers on the sea-coast, the 
Spinax AcarUJiicu, or common dog-fish, — so little a favourite 
with our fishermen. It measures exactly two feet three 
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inches in length ; and of the defensive spines of its two dor- 
«ilB,^(hose spear-like thonis on the creature's back imme- 
diately in advance of the fins, w)iich so frequent!)' wound the 
tiaher'!! hand, — the anterior and smaller measures, from base 
to point, an inch and a half, and the posterior and larger, two 
inches. I Lava also placed before me a specimen of Calraeion 
PhUlippi (the Port Jackson Shark), a fiah now recognised as 
the truest existing analogue uf the Silurian plactrids. It 
measures twenty-two three-fourth inches in length, and is 
furnished, tike l^nax, willi two dorsal spinet), of which the 
anterior and larger inesaures from base to point one one- 
half inch, and the posterior and smaller, one one-fifth inch. 
Hut the defensive spine of the Onckia JfurcAuoni, as exhibited 
in one of the Ludlow specimens, measures, though mutilated 
at both ends, three inches and five-eighth parts in length. 
Even though existing bnt as a fragment, it is as such nearly 
twice the length of the largest spine of the dog-fish, unn uti- 
lated Bud entire, and considerably more than twice the len gth 
of the lai^est spine of the Port Jackson Shark. The sp nea 
detected by Professor Phillips, in sji inferior stratum ot the 
sune upper deposit, were, as has been shown, of niicroscopic 
minuteness ; and when they seemed to rest on the entreme 
horixon of ichthyic existence as the most ancient remwns of 
their kind, the author of the "Vestiges" availed himself of 
the (act. He regarded the little creatures to which they had 
belonged as the ftetal embryos of their class, or, — to employ 
the language of the Edinburgh Reviewer, — as " the tokens 
uf Nature's first and half-ahurtivG efforts to make fish out of 
(he lower unimulB." From the btter editions of his work, the 
paragraph to which the Heviewer refers has, I find, been ex- 
punged;fur the horiEon has greatly extended, and what seem- 
ed lo he its line of extreme distance Itaa travelled into the 
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I niddle of the prospect. Bnt that the pasiage should huvr 
kll existed is a. not iminstructive circnmat&ncc, and shows 
how unsafe it is, in more than oitomal nature, to regard 
the line at which, fin- the time, [he lajidsvape clnseB, and 
^^ heaven and earth aeem to meet, us in reality the worlJ'a 
^^L. «Dd. The Wenlock spine, though certtunly not micrun^upic, 
^^B it, I Bin informed b/ Sir Philip Egerton, of but ainalL Bine ; 
^^H whereas the contemporary spine of the Onondogo Limestone, 
^^1 though comparatively more a, &a^rment than the spiue of the 
^H Upper Ludlow Oitchuf, — for it measures only three inches in 
^^m length, — ia at least fire times as bnlky aa the largest spine of 
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nearly the same formatioD,— for it occurs in a limestone^ 
varying from twenty to seventy feet in thickness^ which 
immediately overlies that of the Onondago deposit, though 
still more fragmentary than the first, for its length is only 
two three*eighth inche6,-^maintains throughout a nearly equal 
thickness, — a circumstance in itself indicative of considerahle 
size ; and in positive bulk it almost rivals the Onondago one. 
Of the LowerSilurian and Bala fishes nodescriptionsor figures 
have yet appeared. And such, up to the present time, is the 
testimony derived from this department of Greology, so far 
as I have been able to determine it, regarding the size of the 
ancient Silurian vertebrata. ^ No oi^ganism," says Professor 
Oken, *^ is, nor ever has one been, created, which is not mi- 
croscopic." ' The Professor's pupils and abettors, the assert- 
ors of the development hypothesis, appeal to the geological 
evidence as altogether on their side in the case ; and straight- 
way a few witnesses enter court. But, lo I among the ex- 
pected dwarfs, there appear individuals of more than the 
average bulk and stature. 

Still, however, the question of organization remains. Did 
these ancient placoid fishes stand high or low in the scale I 
According to the poet, ** What can we reason but from wliat 
we know f * We are acquainted with the placoid fishes of 
the present time ; and from these only, taking analogy as 
our guide, can we form any judgment regarding the rank 
and standing of their predecessors, the placoids of the geo- 
logic periods. But the consideration of this question, as it 
is specially one on which the later assertors of the develop- 
ment hypothesis concentrate themselves, I must, to secure the 
space necessary for its discussion, defer till my next chapter. 
Meanwhile, I am conscious I owe an apology to the reader for 
what he must deem tedious minuteness of description, and a 
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too prolix amplitude of statement. It is only by representing 
things as they actually are, and in the true order of their oc- 
currence, that the effect of the partially selected facts and ex- 
aggerated descriptions of the Lamarckian can be adequately 
met. True, the disadvantages of the more sober mode are un-^ 
avoidably great. He who feels himself at liberty to arrange 
his collected shells, corals, and fish-bones, into artistically de- 
signed figures, and to select only the pretty ones, will be of 
course able to make of them a much finer show than he who 
is necessitated to represent them in the order and numerical 
proportions in which they occur on some pebbly beach washed 
by the sea. And such is the advantage, in a literary point of 
view, of the ingenious theorist, who, in making figures of his 
geological facts, takes no more of them than suits his purpose, 
over the man who has to communicate the facts as he finds 
them. But the homelier mode is the true one. ^ Could we ob- 
tain," says a distinguished metaphysician, ** a distinct and full 
history of all that has passed in the mind of a child, from the 
beginning of life and sensation till it grows up to the use of 
reason, — how its infant faculties began to work, and how they 
brought forth and ripened all the various notions, opinions, 
and sentiments, which we find in ourselves when we come 
to be capable of reflection, — this would be a treasure of na- 
tural history which would probably give more light into the 
human faculties than all the systems of philosophers about 
them since the beginning of the world. But it is in vain," 
he adds, ^ to wish for what nature has not put within the 
reach of our power." In like manner, could we obtain, it 
may be remarked, a full and distinct account of a single 
class of the animal kingdom, from its first appearance till the 
present time, " this would be a treasure of natural history 
which would cast more light" on the origin of living exist- 
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ences, and the true economy of creation, than all the the- 
ories of all the philosophers ^ since the beginning of the 
world." And in order to approximate to such a history as 
nearly as possible, — ^and it does seem possible to approximate 
near enough to substantiate the true readings of the volume, 
and to correct the false ones, — it is necessary that the real 
vestiges of creation should be carefully investigated, and 
their order of succession ascertained. 
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HIGH STANDING OF THE PLACOIDS.- 
OBJECTIONS CONSIDERED. 



We have seen that some of the Silurian placoids were large 
of size : the question still remains, Were they high in in- 
telligence and organization t 

The Edinburgh Reviewer, in contending with the author of 
the ** Vestiges,'* replies in the affirmative, by claiming for 
them the first place among fishes. ** Taking into account,*' 
he says, ** the brain and the whole nervous, circulating, and 
generative systems, they stand at the highest point of a na- 
tural ascending scale." They are fishes, he again remarks, 
that rank among '' the very highest types of their class." 

^ The fishes of this early age, and of all other ages pre- 
vious to the Chalk," says his antagonist, in reply, ^ are, for 
the most part, cartilaginous. The cartilaginous fishes, — 
Chondropterygii of Cuvier, — are placed by that naturalist as a 
second series in his descending scale ; being, however, he 
says, * in some measure parallel to the fint,^ How far this is 
difibrent from their being the highest types of the fish class, 
need not be largely insisted upon. Linnaeus, again, was so 
impressed by the low characters of many of this order, that 
he actually ranked them with worms. Some of the cartila^ 
ginous fishes, nevertheless, have certain peculiar features of 
organization, chiefly connected with re-production, in which 
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they excel other fish ; but such features are partly partaken 
of by families in inferior sub-kingdoms, showing that they 
cannot truly be regarded as marks of grade in their own 
class. When we look to the great fundamental characters, 
particularly to the frame-work for the attachment of the 
muscles, what do we find I — why, that of these placoids, — 
' the highest types of their class,' — it is barely possible to 
establish their being vertebrata at all, the back-bone having 
generally been too slight for preservation, although the ver- 
tebral columns of later fossil fishes are as entire as those 
of any other animals. In many of them traces can be ob- 
served of the muscles having been attached to the external 
plates, strikingly indicating their low grade as vertebrate 
animals. The Edinburgh Reviewer ' highest types of their 
class' are in reality a separate series of that class, generally 
inferior, taking the leading features of organization of struc- 
ture as a criterion, but when details of organization are re- 
garded, stretching farther, both downward and upward, than 
the other series ; so that, looking at one extremity, we are as 
much entitled to call them the lowest, as the Reviewer, look- 
ing at another extremity, is to call them the ' highest of 
their class.' Of the general inferiority there can be no room 
for doubt. Their cartilaginous structure is in the first place 
analogous to the embryo tic state of vertebrated animals in 
general. The maxillary and intermaxillary bones are in 
them rudimental. Their tails are finned on the under side 
only, — an admitted feature of the salmon in an embryotic 
stage ; and the mouth is placed on the under side of the 
head, — also a mean and embryotic feature of structure. 
These characters are essential and important, whatever the 
Edinburgh Reviewer may say to the contrary : they are the 
cliaracters which, above all, I am chiefly concerned in look- 



rONSIDERED. 12r> 

ing to, for they are features of embrvotic progress, and em- 
bryotic progress is the grand key to the theory of develop- 
ment." 

Such is the ingenious piece of special pleading which this 
most popuhir of the Lamarckians directs against the standing 
and organisation of the earlier fishes. Let us examine it 
somewhat in detail, and see whether the slight admixture of 
truth which it contains serves to do aught more than to render 
current, like the gilding of a counterfeit guinea spread over 
the base metal, the amount of error which lies beneath. I 
know not a better example than that which it furnishes, of 
the entanglement and perplexity which the meshes of an ar< 
tificial classification, when converted, in argumentative pro- 
cesses, into symbols and abstractions, are sure to involve 
subjects simple enough in themselves. 

Fishes, according to the classification of a preponderating 
majority of the ichthyologists that have flourished from the 
earliest times down to those of Agassiz, have been divided 
into two great series, the Ordinary or osseous, and the (^hon- 
dropterygii or cartilaginous. And these two divisions of the 
class, instead of being ranged consecutively in a continuous 
line, the one in advance of the other, have been ranged 
in two parallel lines, the one directly abreast of the other. 
There is this further peculiarity in the arrangement, that 
the line of the cartilaginous series, from the circumstance 
that some of its families rise higher and some sink lower 
in the scale than any of the ordinary fishes, outflanks the 
array of the osseous series at both ends. The front which 
it presents contains fewer genera and species than that of 
the osseous division ; but, like the front of an army drawn 
out in single file, it extends along a greater length of ground. 
And to this long-fronted series of the cartilaginous, or, ac- 
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cording to Cuvier, ehondropUrygian fishes, the placoid families 
of Agassiz belong, — among the rest, the placoids of the Silu- 
rian formations. Upper and Lower. But though all the plar 
colds of this latter naturalist be cartilaginous fishes, all carti- 
laginous fishes are not placoids. The SiurionidcB are cartila- 
ginous, and are, as such, ranked by Cuvier among the CSIon- 
d^ropterygii, whereas Agassiz places them in his ganoid order. 
Many of the extinct fishes, too, such as the Acanihodei, Dip- 
teridof, CephaUupidat, were, as we have seen, cartilaginous 
in their internal framework, and yet true ganoids notwith- 
standing. The principle of Agassiz's classification wholly 
differs from that of Cuvier and the older ichthyologists ; for 
it is a classification founded, not on the character of the in- 
ternal, but on that of the cuticular or dermal skeleton. And 
while to the geologist it possesses great and obvious advan- 
tages over every other, — for of the earlier fishes very little 
more than the cuticular skeleton survives, — it has this farther 
recommendation to the naturalist, that (in so far at least as 
its author has been true to his own principles), instead of ano- 
malously uniting the highest and lowest specimens of their 
class, — the fishes that most nearly approximate to the reptiles 
on the one hand, and the fishes that sink farthest towards the 
worms on the other, — it gathers into one consistent order all 
the individuals of the higher type, distinguished above their 
fellows by their development of brain, the extensive range 
of their instincts, and the perfection of their generative sys- 
tems. Further, the history of animal existences, as record- 
ed in the sedimentary rocks of our planet, reads a recom- 
mendation of this scheme of classification which it extends 
to no other. We find that in the progress of creation the 
fishes began to be hy groupes and septs, arranged according to 
the principle on which it erects its orders. The placoids 
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came first, the ganoids succeeded them, and the ctenoids and 
ojreloids brooght up the rear. The march has been marshalled 
aocording to an i^pointed programme, the order of which 
it is pecnliarlj the merit of Agassiz to have ascertained. 

Now, maj I request the reader to mark, in the first place, 
that what we have specially to deal with at the present stage 
of the argument are the placoid fishes of the Silurian forma- 
timifl^ Upper and Lower. May I ask him to take note, in 
the second, that the long-fronted ekondroyUr^yian series of 
Cuviery though it includes, as has already been said, the pla- 
coid order of Agasdz, — just as the red-blooded division of 
animals includes the bimana and quadrumana, — is no more 
to be regarded as icUiUicai with the placoids, than the red- 
blooded animals are to be regarded as identical with the 
apes or with the human ^Eunily. It simply includes them in 
the character of one of the three great divisions into which 
it has been separated, — the division ranged, if I may so 
express myself, on the extreme right of the line ; its mid- 
dle portion, or main body, being composed of the Sturionet, 
a fiunily on the general level of the osseous fishes ; while, 
ranged on the extreme left, we find the low division of the 
Buetoriif t. e, Cyclostomi, or Lampreys. But with the middle 
and lower divisions we have at present nothing to do ; for 
of neither of them, whether 8turione$ or Suotorii, does the 
Silurian System exhibit a trace. Further be it remarked, 
that the scheme of classification which gives an abstract 
standing to the ChondropUrygiiy is in itself merely a certain 
perception of resemblance which existed in certain minds, 
having cartilage for its general idea; just as another certain 
perception of resemblance in one other certain mind had 
eutieular tkeUUm for its general idea, and as yet another 
perception of resemblance in yet other certain minds had red 
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hloo/i for its general idea. Ah sliowu by the dispBritiee wliitli 
obuin among the section which the Bcliemu sitrvos to sepa- 
rate from the others, it no more determlnea rank or standing 
than that greatly more ancient Hcheme of clasaification into 
"ring-streaked and spotted," which served to diatinguiah the 
Socks of the patriarch Jacoh from thoae of Labsn his fother- 
in-law, but which did nut distingnish goats from sheep, nor 
sheep from cattle. 

The effect of introducing, after this manner, generaliza- 
tions made altogether irrespective of rank, and avowedly with- 
out reference to it, into what are inherently and apecificall; 
guatiani v/ rank, admits of a simple illustration. 

Let us suppose that it was not with the standing of the ] 
Silurian placoids that we had to deal, but with that of the J 
Hinaiviale of the recent period, including the quadnunana, i 
even the biauina, and that we had ventured to describe them, j 
in the words of the Edinburgh Reviewer, as " the very ' 
highest types of their class." "What would be thought of the 
reasoner who, in challenging the justice of the estimate, 
would argue that these creatures, men as well as monkeys, 
belonged simply to thatdivision of red-blooded animals which 
includes with the himona and quodnimana, the frog, the gud- 
geon, and the /arthnvrm t — a division, he might add, " which, 
when details of organization are regarded, stretches farther, 
both downward ajid upward," than tliat division of the 
white-blooded animals to which the crab, the spider, the 
rnttle-fish, and the dragon-fly belong; "so that, looking at 
one extremity, any one ts as much entitled to call the red- 
blooded animals the lowest" division, as any other, lookiDg 
at another extremity, is to call them the highest division, of 
animals." What, it might well be asked in reply, has the -, 
earthworm, with its red blood, to do in a question respecting 
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the place and standing of the bimana ! Or what, in the paral- 
lel case, have the Suotorii, — the worms of Linnseus, — to do 
in a question respecting the place and standing of the real 
placoids I True it is that, according to one principle of 
classification, now grown somewhat obsolete, men and earth- 
worms are equally red-blooded animals ; true it is that, ac- 
cording to another principle of classification, the placoids of 
Agassiz and the cartilaginous worms of Linnaeus are equally 
Chondropterygii. The bimana and the earthworm have their 
red blood in common ; the glutinous hag and the true pla- 
coids have as certainly their internal cartilage in common ; 
and if the fact of the red blood of the worm lowers in no 
degree the rank of the bimana, then, on the same principle, 
the fact of the internal cartilage of the glutinous hag can- 
not possibly detract from the standing of the true placoid. 
In both cases they are creatures that entirely differ, — the 
earthworms from the bimana, and the cartilaginous VDorms 
from the placoids ; and the classification which tags them 
together, whether it be that of Aristotle or that of Cuvier, 
cannot be converted into a sort of minus quantity, of force 
enough to detract from the value and standing of the bimana 
in the one case, or of the true placoids in the other. It iS 
in no degree derogatory to the human family that earth- 
worms possess red blood ; it is in no degree derogatory to 
the true placoids that the 8v,ctor%% possess cartilaginous 
skeletons. 

Let the reader now mark the use which has been made by 
the author of the " Vestiges," of the name and authority of 
Linnaeus. " Linnaeus," he states, ** was so impressed by the 
low character of many of this order (the Chondropteryg%%\ that 
he actually ranked them with worms." Now, what is the 
fact here ? Simply that Linnaeus had no such general order as 
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the Chondropteryffii in his eye at all. Though chiefly remarkable 
as a naturalist for the artiiicialness of his classifications, his 
estimate of the cartilaginous fishes was remarkable, — though 
carried too far in its extremes, and in some degree founded in 
error, — for an opposite quality. It was an estimate formed, in 
the main, on a natural basis. Instead of taking their cartilagi- 
nous skeleton into account, he looked chiefly at their standing 
as animals ; and, struck with that extent of front which they 
present, and with both their superiority on the extreme right, 
and their inferiority on the extreme left, to the ordinary fishes, 
he erected them into two separate orders, the one lower and 
the other higher than the members of the osseous line. And 
so far was he from regarding the true placoids, — those Chon- 
dropterygii which to an internal skeleton of cartilage add ex- 
ternal plates, points, or spines of bone, — as low in the scale, 
that he actually raised them above fishes altogether, by erect- 
ing them into an order of reptiles, — the order Amphilna Nantex. 
Surely, if the name of Linna?us was to be introduced into 
this controversy at all, it ought to have been in connection 
with this special fact ; seeing that the point to be determined 
in the question under discussion is simply the place and 
standing of that very order which the naturalist rated so 
high, — not the place and standing of the order which he de- 
graded. It so happens that there is one of the Chondrof^terygii 
which, so far from being a true placoid, does not possess a 
single osseous plate, point, or spine : it is a worm-like crea- 
ture, without eyes, without moveable jaws, without verte- 
bral joints, without scales, always enveloped in slime, and 
greatly abhorred by our Scotch boatmen of the Moray Frith, 
who hold that it burrows, like the grave- worm, in the de- 
caying bodies of the dead. And this creature, " the glu- 
tinous hag," or, according to north-country fishermen, the 
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" rarbper-eel," or ** poison-ramper," was regarded by Lin- 
naeus as belonging, not to the class of fishes, but to the 
vermes. Now, this is the special fact with which, in the 
development controversy, the author of the ** Vestiges" con- 
nects the name of the Swedish naturalist ! All the fish of 
the Silurian System belonged to that true placoid order 
which Linnaeus, impressed by its high standing, erected into 
an order, not of worms, but of reptiles. He elevated A, the 
true placoid, while he degraded B, the glutinous hag. But 
it was necessary to the argument of the author of the ** Ves- 
tiges" that the earliest existing fish should be represented as 
fish low in the scale ; and so he has cited the name and au- 
thority of LinnsDUS in its bearing against the glutinous hag 
B, as if it had borne against the standing of the true placoid 
A. The Patagonians are the tallest and bulkiest men in the 
world, whereas their neighbours the Fuegians are a slim and 
diminutive race. And if, in some controversy raised regard- 
ing the real size of the more gigantic tribe, they were to be 
described as the " very tcUlest types of their class," any state- 
ment in reply, to the effect that some trustworthy voyager 
liad examined certain races of the extreme south of Ame- 
rica, and had found that they were both short and thin, would 
be neither relevant in its facts nor legitimate in its bearing. 
But if the controversialist who thus strove to strengthen his 
case by the voyager's authority, was at the same time fully 
aware that the voyager had seen not only the diminutive 
Fuegians, but also the gigantic Patagonians, and that he had 
described these last as very gigantic indeed, the introduction 
of the statement regarding the smaller race, when he wholly 
sank the statement regarding the larger, would be not mere- 
ly very irrelevant in the circumstances, but also very unfair. 
Such, however, is the style of statement to which the an- 
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thor of the " Vestiges" has (I trust inadvertently) resorted 
in this controversy. 

It is not uninstructive to mark how slowly and gradually 
the naturalists have been groping their way to a right classi- 
fication in the ichthyic department of their science, and how 
it has been that identical perception of resemblance, ** hav- 
ing cartilage for its general idea, to which the author of the 
^ Vestiges" attaches so much importance, that has served 
mainly to retard their progress. Not a few of the more dis- 
tinguished among their number deemed it too important a 
distinction to be regarded as merely secondary ; and so long 
as it was retained as a primary characteristic, the fishes failed 
to range themselves in the natural order ; — dissimilar tribes 
were brought into close neighbourhood, while tribes nearly 
allied were widely separated. It fJEiiled, as has been shown, to 
influence Linnaeus ; and though he no doubt pressed his pecu- 
liar views too far when he degraded the glutinous hag into a 
worm, and elevated the Sharks and Rays into reptiles, it is 
certainly worthy of remark that, in the scheme of classifiea- 
tion which is now regarded as the tnost natural, — that of Pro- 
fessor Muller, modified by Professor Owen, — the ichthyic 
worms of the Swede are placed in the first and lowest order of 
fishes, — the Dermopteriy — and the greater part of his ichthyic 
reptiles, in the eleventh and highest, — the Plagiogtomi. Cuvier 
yielded, as has been shown, to the idea of resemblance founded 
on the material of the ichthyic framework, and so ranged his 
fishes into two parallel lines. Professor Oken, after first 
enunciating as law that ^ the characteristic organ of fishes is 
the osseous system," confessed the " great difficulty" which 
attaches to the question of skeletal '^ texture or substance," 
and finally gave up the distinction founded on it as obsti- 
nately irreduceable to the purposes of a natural classification. 
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"The cartilaginous fishes," he says, "appear to belong to 
each other, and are also usually arranged together ; yet 
amongst them we find those species, such as the Lampreys, 
which obviously occupy the lowest grade of all fishes, while 
the Sharks and Rays remind us of the Reptilia." And so, 
sinking the consideration of texture altogether, he placed the 
family of the Lamprey, including the glutinous hag, at the bot- 
tom of the scale, and the Sharks and Rays at the top. Agas- 
siz's system, peculiarly his own, has had the rare merit, as I 
have shown, of furnishing a key to the history of the fish 
in its several dynasties, which we may in vain seek in any 
other. His divisions, — if, retaining his strongly-marked pla- 
coids and ganoids, as orders stamped in the mint of nature, we 
throw his perhaps less obviously divisible ctenoids and cy- 
cloids into one order, — the corneous or horn-covered, — are 
scarcely less representative of periods than those great classes 
of the vertebrata, mammals, birds, reptiles, and fishes, which 
we find not less regularly ranged in their order of succession in 
the geologic record than in the " Animal Kingdom" of 
Cuvier, — a shrewd corroboration, in both cases, I am dis- 
posed to think, of the rectitude of the arrangement. What 
seems to be the special defect of his system is, that having 
erected his four orders, and then finding a certain number 
of residuary families that, on his principle of cuticular cha- 
racter, stubbornly refused to fall into any determinate place, 
he distributed them among the others, with reference chiefly 
to the totally distinct principle of Cuvier. Thus the Suotorii, 
soft, smooth, slimy-skinned fishes, that do not possess a single 
placoid character, and are not true placoids, he has yet 
placed in his placoid order, influenced, apparently, by the 
" perception of resemblance that has cartilage for its central 
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idea f* and the effect has been a massing into one anomalous 

and entangled gi'oup the fishes of the first period of geologic 

history, with fishes of which we do not find a trace save 

in the existing scene of things, and of the highest ftimilies 

of their class with families that occupj the lowest place. 

But we live in an age in which even the benefactors of 

the world of mind cannot make false steps with impunity ; 

and so, while Agassiz's three ichthyic orders will continue 

to be recognised by the palaeontologist as the orders of 

three great geologic periods, the Sw^torii have already been 

struck from off his higher fishes by the classification of 

Muller and Owen, and carried to that lowest point in the 

scale (indicated by Linnseus and Oken) which their inferior 

standing renders so obviously the natural one. Some of 

my readers may perhaps remember how finely Bacon, in his 

" Wisdom of the Ancients," interprets the old mythologic 

stor}" of Prometheus. Prometheus, says the philosopher, had 

conferred inestimable favours on men, by moulding their 

forms into shape, and bringing them fire from heaven ; and 

yet they complained of him and his teachings to Jupiter. And 

the god, instead of censuring their ingratitude, was pleased 

with the complaint, and rewarded them with gifts. In 

putting nature to the question, it is eminently wholesome to 

bo doubting, cross-examining, complaining; ever demanding: 

of our masters and benefactors the philosophers, that they 

should reign over us, not arbitrarily and despotically, 

" Like the old kings, with high exacting looks. 
Sceptred and globed," 

but like our modern constitutional monarchs, who govern by 
law ; and, further, that an appeal from their decisions on 
all subjects within the jurisdiction of Nature should for ever 
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lie open to Nature herself. The seeming ingratitude of such 
a course, if the ^ complaints" be made in a right spirit and 
on proper grounds, Jupiter always rewards with gifts. 

Let us now see for ourselves, in this spirit, whether there 
may not be something absolutely derogatory, in the existence 
of a cartilaginous skeleton, to the creatnres possessing it ; or 
whether a deficit of internal bone may not be greatly more 
than neutralized, as it assuredly must have been in the view 
of Linnaeus, Muller, and Owen, by a larger than ordinary 
share of a vastly more important substance. 
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THE PLACOID BRAIN. 

EMBRYOTIC CHARACTERISTICS NOT NECESSARILY OF A 

LOW ORDER. 



That special substance, according to whose mass and degree 
of development all the creatures of this world take rank in 
the scale of creation, is not bone, but 6raift. Were animals 
to be ranged according to the solidity of their bones, the class 
of birds would be assigned the first place ; the family of the 
FdidcBy including the tiger and lion, the second ; and the 
other terrestrial carnivora the third. Man and the herbi- 
vorous animals, though tolerably low in the scale, would be 
in advance of at least the reptiles. Most of these, however, 
would take precedence of the sagacious Ddphinidai ; the 
osseous fishes would come next in order ; the true placoids 
would follow, succeeded by the Sturiones ; and the S%icto- 
riij ». «. Cyclostomi or Lampreys, would bring up the rear. 
There would be evidently no order here : the utter con- 
fusion of such an arrangement, like that of the bits of 
a dissected map flung carelessly out of its box by a child, 
would of itself demonstrate the inadequacy and erroneous- 
ness of the regulating principle. But how very different 
the appearance presented, when for tolidUy of bone we sub- 
stitute development of brcnn ! Man takes his proper place 
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at the head of creation ; the lower mammalia follow, — 
each species in due order, according to its modicum of in- 
telligence ; the birds succeed the mammalia ; the reptiles 
succeed the birds ; the fishes succeed the reptiles ; next in 
the long procession come the invertebrate animals ; and 
these, too, take rank, if not according to their development 
of brain proper, at least according to their development of 
the 9uh8tance of brain. The occipital nervous ganglion of the 
scorpion greatly exceeds in size that of the earthworm ; and 
the occipital nervous ring of the lobster, that of the intes- 
tinal ascaris. At length, when we reach the lowest or ctorite 
division of the animal kingdom, the substance of brain al- 
together disappears. It has been calculated by natural- 
ists, that in the vertebrata, the brain in the class of iishes 
bears an average proportion to the spinal cord of about two 
to one ; in the class of reptiles, of about two and a half to 
one ; in the class of birds, of about three to one ; in the class 
of mammals, of about four to one ; and in the high-placed, 
sceptre-bearing human family, a proportion of not less than 
twenty-three to one. It is palpably according to develop- 
ment of brain, not development of bone, that we are to de- 
termine points of precedence among the animals, — a fact of 
which no one can be more thoroughly aware than the author 
. of the " Vestiges" himself. Of this let me adduce a striking 
instance, of which I shall make farther use anon. 

** All life," says Oken, " is from the sea ; none from the 
continent. Man also is a child of the warm and shallow 
parts of the sea in the neighbourhood of the land." Such 
also was the hypothesis of Lamarck and Maillet. In follow- 
ing up the view of his masters, the author of the ** Vestiges" 
fixes on the DdphinidoB as the sea-inhabiting progenitors of 
the simial feunily, and, through the simial £unily, of man. 
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For that highest order of the mammalia to which the Si- 
miadoB (monkeys) belong, ^ there remains," he says, *' a 
basis in the DdphinidcB, the last and smallest of the cetacean 
tribes. This affiliation has a special support in the brain of 
the dolphin family, which is distinctly allowed to be, in pro- 
portion to general bulk, the greatest among mammalia next 
to the ourang-outang and man. We learn from Tiedemann, 
that each of the cerebral hemispheres is composed, as in 
man and the monkey tribe, of three lobes, — an anterior, a 
middle, and a posterior ; and these hemispheres present 
much more numerous circumvolutions and grooves than 
those of any other animal. Here it might be rash to found 
anything upon the ancient accoimts of the dolphin, — its fa- 
miliarity with man, and its helping him in shipwreck and 
various marine disasters ; although it is difficult to believe 
these stories to be altogether without some basis in fact. 
There is no doubt, however, that the dolphin evinces a pre- 
dilection for human society, and charms the mariner by the 
gambols which it performs beside his vessel." 

Here, then, the author of the " Vestiges" palpably founds 
on a large development of brain in the dolphin, and on the 
manifestation of a correspondingly high order of instincts, — 
and this altogether irrespective of the structure or composi- 
tion of the creature's internal skeleton. The substance to 
which he looks as all-important in the case is brain, not botkf. 
For were he to estimate the standing of the dolphin, not by 
its brain, but by its skeleton, he would have to assign to it a 
place, not only not in advance of its brethren the matMnalia 
of the sea, but even in the rear of the reptiles of the sea, 
the marine tortoises, or turtles, — and scarce more than abreast 
of the osseous fishes. ** Fishes," says Professor Owen, in his 
** Lectures on the Vertebrate Animals," " have the least pro- 
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portion of earthy matter in their bones ; birds the largest. 
The mammalia, especially the active, predatory species, have 
more earth, or harder bones, than reptiles. In each class, 
however, there are differences in the density of bone among 
its several members. For example, in the fresh- water fishes, 
the bones are lighter, and retain more animal matter, than 
in those which swim in the denser sea. And in the dolphin, 
a warm-blooded marine animal, they differ little in this re- 
spect from those of the sea-fish.'* Such being the fact, it is 
surely but fair to inquire of the author of the ** Vestiges," 
why he should determine the rank and standing of the Del- 
phinidcB according to one set of principles, and the rank and 
standing of the placoids according to another and entirely 
different set ? If the Delphinidce are to be placed high in the 
scale, notwithstanding the softness of their skeletons, simply 
because their brains are large, why are the placoids to be 
placed low in the scale, notwithstanding the largeness of their 
brains, simply because their skeletons are soft I It is not too 
much to demand, that on the principle which he himself re- 
cognises as just, he should either degrade the dolphin or ele- 
vate the placoid. For it is altogether inadmissible that he 
should reason on one set of laws when the exigencies of his 
hypothesis require that creatures with soft skeletons should 
be raised in the scale, and on another and entirely differ- 
ent set when its necessities demand that they should be de- 
pressed. 

But do the placoids possess in reality a large development 
of brain ? I have examined the brains of almost all the com- 
mon fish of our coast, both osseous and cartilaginous, not, 
I fear, with the skill of a Tiedemann, but all the more intel- 
ligently in consequence of what Tiedemann had previously 
done and written ; and so I can speak with some little con- 
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fidence on the subject, so far at least as my modicnm of ex- 
perience, thus acquired, extends. Of all the common fish 
of the Scottish seas, the spotted or lesser dog-fish bears, in 
proportion to its size, the largest brain ; the gray or picked 
dog-fish ranks next in its degree of development ; the Rays, 
in their various species, follow after ; and the osseous fishes 
compose at least the great body of the rear ; while still 
further behind, there lags a hapless class, — the Suetoriif one 
of which, the glutinous hag, has scarce any brain, and one, 
the Ampkioxus or lancelet, wants brain altogether. I have 
compared the brain of the spotted dog-fish with that of a 
young alligator, and have found that in scarce any percep- 
tible degree was it inferior, in point of bulk, and very slightly 
indeed in point of organization, to the brain of the reptile. 
And the instincts of this placoid family, — one of the truest 
existing representatives of the placoids of the Silurian Sys- 
tem* to which we can appeal, — correspond, we invariably 
find, with their superior cerebral development. I have 
seen the common dog-fish, Spinax Aocmthias, hovering in 
packs in the Moray Frith, some one or two fathoms away 
from the side of the herring boat from which, when the 
fishermen were engaged in hauling their nets, I have watch- 
ed them, and have admired the caution which, with all their 
ferocity of disposition, they rarely failed to manifest ; — how 
they kept aloof from the net, even more warily than the ce- 
tacea themselves, — though both dog-fish and cetacea are oc- 
casionally entangled ; — and how, when a few herrings were 

* The Silurian placoids are most adequately represented by the 
Cestrcuyton of the southern hemisphere ; but I know not that of 
the peculiar character and instincts of this interesting placoid, — 
the last of its race, — there is anything known. For its form and 
general appearance sqc fig. 49, page 163. 
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shaken loose from the meshes, they at once clartod upon 
them, exhibiting for a moment throuf^h the preon dopthK, 
the pale gleam of their abdomenHy as they tiinuKi upon their 
sides to seise the desired morselH,— a motion rcndcnHl ne- 
cessary by the position of the mouth in this funiily ;--and 
how next, their object accomplished, they fi>ll luM'k into 
their old position, and waited on as before. And I luive 
been assnred by intelligent fishcnncn, that at the deop-Hca 
white-fishing, in which baited hooks, not nets, are employed, 
the degree of shrewd caution oxercisi^d by th(>He cri>atun*H 
seems more extraordinary still. The hatred wliich the fisher 
bears to them arises not more from the actual amount of 
mischief which they do him, than from the circumstance 
that in most cases they persist in doing it with complete 
impunity to themselves. I have seen, said an o)>8ervant 
Cromarty fisherman to the writer of these chapters, a {Nick 
of dog-fish watching beside our boat, as wc were hauling our 
lines^ and severing the hooked fish, as they piissed them, at a 
bite, just a little above the vent, so that they themselves 
escaped the swallowed hook ; and I have frequently lost, in 
this way, no inconsiderable portion of a fishing. I have ob- 
served, however, he continued, that when a fresh pack of 
hungry dog-fish came up, and joined the pack that had 
been robbing us so coolly, and at their leisure, a sudden rash- 
ness would seize the whole, — the united packs would become 
a mere heedless mob, and, rushing forward, they would swal- 
low our fish entire, and be caught themselves by the score 
and the hundred. We may see something very similar to 
this taking place among even the shrewder mammalia. When 
pug refuses to take his food, his mistress straightway calls 
upon the cat, and, quickened by the dread of the coming 
rival, he gobbles up his rations at once. With the compa- 
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ratively large development of brain, and the corresponding 
manifestations of instinct, which the true placoids exhibit, 
we find other unequivocal marks of a general superiority to 
their class. In their reproductive organs they rank, not 
with the common fishes, nor even with the lower reptiles, 
but with the Chelonians and the Sauria. Among the Kays, 
as among the higher animals, there are individual attach- 
ments formed between male and female : their eggs, unlike 
the mere spawn of the osseous fishes, or of even the Batra- 
chians, are, like those of the tortoise and the crocodile, com- 
paratively few in number, and of considerable size : their 
young, too, like the young of birds and of the higher reptiles, 
pass through no such metamorphosis as those of the toad 
and frog, or of the amphibia generally. And some of their 
number, — the common dog-fish for instance, — are ovovivipa- 
rous, bringing forth their young, like the common viper and 
the viviparous lizard, alive and fully formed. 

" But such features," says the author of the " Vestiges," 
referring chiefly to certain provisions connected with the 
reproductory system in the placoids, " are partly partaken 
of by families in inferior sub-kingdoms, showing that they 
cannot truly bo regarded as marks of grade in their own 
class." Nay, single features do here and there occur in 
the inferior sub-kingdoms, which very nearly resemble single 
features in the placoid character and organization, which 
even very nearly resemble single features in the human cha- 
racter and organization ; but is there any of the inferior 
sub-kingdoms in which there occurs such a collocMion of 
features ? or does such a collocation occur in any class of 
animals, — setting the placoids wholly out of view, — which 
is not a high class ? Nay, farther, does there occur in any 
of the inferior sub-kingdoms, — existing even as a single fea- 
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lure, — that most prominent, leading characteristic of this 
series of fishes, — ^a large brain ? 

But is not the ^ cartilaginous structure" of the placoids 
analogous to the embryotic state of vertebrated animals in 
general ? Do not the other placoid peculiarities to which 
the author of the " Vestiges** refers, — such as the heterocer- 
cal or one-sided tail, the position of the mouth on the under 
side of the head, and the rudimental state of the maxillaries 
and intermaxillaries, — bear further analogies with the em- 
bryotic state of the higher animals ? And is not ** embryo- 
tic progress the grand key to the theory of development ?** 
Let us examine this matter. ** These are the characters,'* 
says this ingenious writer, " which, above all, I am chiefly 
concerned in looking to ; for they are features of embryotic 
progress, and embryotic progress is the grand key to the 
theory of development." Bold assertion, certainly ; but, then, 
assertion is not argument ! The statement is not a reason for 
the faith that is in the author of the " Vestiges," but simply 
an avowal of it ; it is simply a confession, not a defence, of the 
Lamarckian creed ; and, instead of being admitted as embody- 
ing a first principle, it must be put stringently to the question, 
in order to determine whether it contain a principle at all. 

In the first place, let us remark, that the cartilaginous 
structure of the placoids bears no very striking analogy to 
the cartilaginous structure of the higher vertebrata in the 
embryotic state. In the case of the Ddphinidce, with their 
soft skeletons, the analogy is greatly more close. Bone con- 
sists of animal matter, chiefly gelatinous, hardened by a 
difi\ision of inorganic earth. In the bones of young and 
foetal mammalia, inhabitants of the land, the gelatinous pre- 
vails ; in the old and middle-aged there is a preponderance 
of the earth. Now, in the bones of the dolphin there is com- 
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pvmUTely little earth. The analogies of its intonal 8kele> 
ton bear, not on the skeletonB of its brethren the mature 
full-grown mammftlg of the land, but on the skeletons of 
their immature or foetal offspring. But in the case of the 
true placoids that analogy is fieunt indeed. Their skeletons 
contain true bone ; — the vertebral joints of the Sharks and 
Rays possess each, as has been shown, an osseous nuclens, 
which retains, when subjected to the heat of a common 
fire, the complete form of the joint ; and their cranial frame- 
work has its surface always covered over with hard osseous 
points. But though their skeletons possess thus their modi- 
cum of bone, unlike those of embryotic birds or inaTWTm>.l«f^ 
they contain, in what is properly their cartUage, no gelatine. 
The analogy signally fJEiils in the very point in which it has 
been deemed specially to exist. The cartilage of the Cktm- 
dropterygii is a substance so essentially different from that of 
young or embryotic birds and mammals, and so unique in 
the animal kingdom, that the heated water in which the one 
readily dissolves has no effect whatever upon the other. It is, 
however, a curious circumstance, exemplified in some of the 
Shark family,* though it merely serves, in its exceptive cha- 
racter, to establish the general fact, that while the rays 
of the double fins, which answer to the phalanges, are all 
formed of this indissoluble cartilage, those rays which con- 
stitute their outer framework, with the rays which constitute 
the framework of all the single fins, are composed of a 
mucoidal cartilage, which boils into glue. At certain defi- 
nite lines a change occurs in the texture of the skeleton ; 
and it is certainly suggestive of thought, that the difference 
of substance which the change involves distinguishes that 

* Such as the dog-fishes, picked and spotted. 
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part of the skeleton which is homologically representative of 
the skeletons of the higher yertebrata, from that part of it 
which is peculiar to the creature as a fish, viz. the dorsal and 
caudal rays, and the extremities of the double fins. These 
emphatically ichthyic portions of the animal may be dissi- 
pated by boiling, whereas what LinnsBus would perhaps term 
its reptilian portion abides the heat without reduction. 

But is not the one-sided tail, so characteristic of the sharks, 
and of almost all the ancient ganoids, also a characteristic of 
the young salmon just burst from the egg ! Yes, assuredly ; 
and, so far as research on the subject has yet extended, of 
not only the salmon, but of all the other osseous fishes in 
their foBtal state. The salmon, on its escape from the egg, is 
a little monster of about three quarters of an inch in length, 
with a huge heart-shaped bag, as bulky as all the rest of 
its body, depending from its abdomen. In this bag provi- 
dent nature has packed up for it, in lieu of a nurse, food for 
five weeks; and, moving about everywhere in its shallow 
pool, with its provision knapsack slung fast to it, it reminds 
one disposed to be fanciful, save that its burden is on the 
wrong side, of Scottish soldiers of the olden time summoned 
to attend their king in war, — 

" Each on his baekj a slender store, 
His forty days' provision bore, 
As ancient statutes tell." 

Around that terminal part of the creature's body traversed 
by the caudal portion of the vertebral column, which com- 
mences in the salmon immediately behind the ventrals, there 
runs at this period, and for the ensuing five weeks in which 
it does not feed, a membranous fringe or fin, which exactly 
resembles that of the tadpole, and which, existing simply as 
an expansion of the skin, exhibits no mark of rays. In the 

K 
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place of the true caudal fin, however, we may detect, with 
the assistance of a lens, an interpal framework with two 
well-marked lobes, and ascertain, further, that this tail is set 
on awry, — the effect of a slight upward bend in the creature's 
body. And when viewed in a strong light as a transparency, 
we perceive that the spinal cord takes the same upward bend, 
and, as in the sturgeon, passes in an exceedingly attenuated 
form into the upper lobe. What may be regarded as the 
design of the arrangement is probably to be found in the pe- 
culiar form given to the little creature by the protuberant 
bag in front. A wise instinct teaches it, from the moment of 
its exclusion from the egg, to avoid its enemies. In the 
instant the human shadow falls upon its pool, we see it dart- 
ing into some recess at the sides or bottom, with singular 
alacrity ; and in order to enable it to do so, and to steer it- 
self aright, — as, like an ill- trimmed vessel, deep in the water 
a-head, the balance of its body is imperfect, — there is, if I 
may so express myself, a heterocercal peculiarity of helm 
required. It has got an irregularly-developed tail to balance 
an irregularly-developed body, as skiffs lean on the one beam 
and ftilf on the other require, in rowing, a cast of the rudder 
to keep them straight in their course. 

Sinking altogether, however, the final cause of the peculi- 
arity, and regarding it simply as a faetal one, that indicates a 
certain stage of imperfection in the creature in which it oc- 
curs, on what principle, I ask, are we to infer that what is a 
sign of immaturity in the young of one set of animals, is a mark 
of inferior organization in the adult forms of another set ( 
The want of eyes in any of the animal families, or the want of 
organs of progression, or a fixed and sedentary condition, like 
that of the oyster, are all marks of great inferiority. And yet, 
if we admit the principle, that wliat are evidences of ininiu- 
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turity in the young members of one family are signs of in- 
ferior organization in the fully-grown members of another, it 
could easily be shown that eyes and legs are defects, and 
that the unmoving oyster stands higher in the scale than the 
ever-restless fish or bird. The inmiature Tubularia possess 
locomotive powers, whereas in their fully developed state 
they remain fixed to one spot in their convoluted tubes. 
The immature Lepas is furnished with members well adapted 
for swimming, and with which it swims freely ; as it rises 
towards maturity, these become blighted and weak ; and, 
when fully grown, — fixed by its fieshy pedicle to the rock 
or floating log to which it attached itself in its transition 
state, — it is no longer able to swim. The immature Balanus 
»is furnished with two eyes : in its state of maturity these are 
extinguished, and it passes its period of full development in 
darkness. Further, it is not generally held that in the hu- 
man family a white skin is a decided mark of degradation, 
but rather the reverse ; and yet nothing can be more certain 
than that the Negro foetus has a white skin. Since eyes, and 
organs of progression, and a power of moving freely, and a 
white skin, are mere embryotic peculiarities in the Balanus, 
the Lepas, the Tuhidaria, and the Negro, and yet are in them- 
selves, when found in the mature animal, evidences of a 
high, not of a low standing, on what principle, I ask, are we 
to infer that the peculiarity of a heterocercal tail, embryotic 
in the salmon, is, when found in the mature placoid, an evi- 
dence, not of a high standing, but of a low ? Every true ana- 
logy in the case favours an exactly opposite view. In the 
heterocercal or one-sided tail, the vertebral joints gradually 
diminish, as in the tails of the Sautia and Ophidia, till they 
terminate in a point ; whereas the homocercal tail common 
to the osseous fishes exhibits no true analogy with the tails 
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of the higher orders. Its abmpti; terminating vertebral 
colninn, immeDBeljr developed posterior procesaes, and broad- 
ly expanded osaeODS raja, seem to be simply a few of the 
many marks of decline and degradation which fishes, the 
oldest of the vertebTata, exhibit iu this late age of the world, 
and which, to at least the earlier geologic periods, when they 
were greatly yonnger as a class, they did not betray. 

Fig. 48. 



^S^i^^^ 




b. TaU of IdMsoiaurvt Teiminarit {VackiMHi). 

In illustration of this view, I would fein recommend to the 
reader a simple experiment. Let him procure the tail of a 
common dog-fish (fig. 48 a), and, cutting it across about half 
an inch above where the caudal fin begins, let him boil it 
smartly for abont half an hour. He will first see it swell. 
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and then burst, all aronnd those thinner parts of the fin that 
are traversed by the caudal rays,— wholly mucoidal, as shown 
by this test, in their texture, and which yield to the boiling 
water, as if formed of isinglass. They finally dissolve, and 
drop away, with the surrounding cuticular integument ; and 
then there only remains, as the insoluble framework of the 
whole, the bodies of the vertebrsB, with their neural and 
hoBmaJ processes. The tail has now lost much of its ichthyic 
character, and has acquired, instead, a considerable degree 
of resemblance to the reptilian tail, as exemplified in the sau- 
rians. I have introduced into the wood-cut, for the purpose 
of comparison, the tail of the ichthyosaurus (6). It consists, 
like the other, of a series of gradually diminishing vertebrse, 
and must have also supported, says Professor Owen, a pro- 
pelling fin, placed vertically, as in the shark, which, how- 
ever, from its perishable nature, has in every instance dis- 
appeared in the earth, as that of the dog-fish disappears in 
the boiling water. It will be seen that its processes are com- 
paratively smaller than those of the fish, and that the bodies 
of its vertebrse are shorter and bulkier ; but there is at least 
a general correspondence of the parts; and were the tail of the 
crocodile, of which the vertebral bodies are slender and the 
processes large,to be substituted for that of the enaliosaur here, 
the correspondence would be more marked still. After thus 
devdoping the tail of the reptile out of that of the fish, — as the 
cauldron- bearing Irish magician of the tale developed young 
ladies out of old women, — simply by boiling, let the reader pro- 
ceed to a second stage of the experiment, and see whether he 
may not be able still fEu^her to develope the reptilian tail so 
obtained, into that of the mammal, by burning. Let him spread 
it out on a piece of iron hoop, and thrust it into the fire ; 
and then, after exposure for some time to a red heat has 
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consumed and dissipated its merely cartilaginous portions, 
such as the neural and hoenoal processes, with the little pieces 
which form the sides of the neural arch, and left only the 
whitened bodies of the vertebrae, let him say whether the 
bony portion which remains does not present a more exact 
resemblance to the mammiferous tail, — that of the dog, for 
example, — than anything else he ever saw. The Lamarc- 
kians may well deem it an unlucky circumstance, that one spe- 
cial portion of their theory should demand the depreciation of 
the heterocercal tail, seeing that it might be represented with 
excellent effect in another, as not merely a connecting link in 
the upward march of progression between the tail of the true 
fish and that of the true reptile, but as actually containing in 
itself, — as the caterpillar contains the future pupa and but- 
terfly, — the elements of the reptilian and mammiferous tail. 
If there be any virtue in analogy, the heterocercal tail is, I 
repeat, of a decidedly higher type than the homocercal one. 
It furnishes the first example in the vertebrata of those coc- 
cygeal vertebrae diminishing to a point, which characterizes 
not only all the higher reptiles, but also all the higher mam- 
mals, and which we find represented by the (h coccycjis in 
man himself. But to this special point I shall again refer. 

With regard to that rudimentary state of the occipital 
framework of the placoids to which the author of the " Ves- 
tiges" refers, it may be but necessary to say that, notwith- 
standing the simplicity of their box-like skulls, they bear in 
their character, as cases for the protection of the brain, 
at least as close an analogy to the skulls of the higher ani- 
mals, as those of the osseous fishes, which consist usually 
of the extraordinary number of from sixty to eighty bones, — 
a mark, — the author of the ** Vestiges" himself being judge 
in the case, — rather of inferiority than the reverse. " Ele- 
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vation is marked in the scale," we find him saying, " by an 
animal exchanging a multiplicity of parts serving one end, 
for a smaller number." The skull of a cod consists of about 
thrice as many separate bones as that of a man. But I do 
not well see that in this case the fact either of simplicity in 
excess or of multiplicity in excess can be insisted upon in 
either direction, as a proper basis for argument. Nearly the 
same remark applies to the maxillaries as to the skull. The 
under jaw in man consists of a single bone ; that of the thorn- 
back, — if we do not include the two suspending ribs, which 
belong equally to the upper jaw, — of two bones (the number 
in all the mammiferous quadrupeds) ; that of the cod, of 
four bones, and, if we include the suspending ribs, of twelve. 
On what principle are we to hold, with one as tHe repre- 
sentative number of the highest type of jaw, that two in- 
dicates a lower standing than foitr, or four than tv>ehe ? In 
reference to the further statement, that in many of the an- 
cient fishes "traces can be observed of the muscles hav- 
ing been attached to the external plates, strikingly indi- 
cating their low grade as vertebrate animals," it may be 
answer enough to state, that the peculiarity in question was 
not a characteristic of the most ancient fishes, — the placoids 
of the Silurian system, — but of some ganoids of the suc- 
ceeding systems. The reader may remember, as a case 
in point, the example furnished by the nail-like bone of 
Asterolepis, figured in page 87) in which there exists depres- 
sions resembling that of the round ligament in the head of 
the quadrupedal thigh-bone. And as for the remark that 
the opening of the mouth of the placoid " on the under side 
of the head," is indicative of a low embryotic condition, it 
might be almost sufficient to remark, in turn, that the 
lowest family of fishes, — that to which the supposed worms 
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of Linnsens belong, — have the mouth not under, bnt at the 
anterior termination of the head, — in itself an evidence 
that the position of the month at the extremity of the 
mnzzle, common to the greater number of the osseous fishes, 
can be no very high character, seeing that the humblest 
of the Suctorii possess it ; and that many osseous fishes, 
whose mouths open, not on the under, but the upper side of 
the snout, as in the distorted and asymetrical genus Platessa, 
are not only in no degree superior to their bony neighbours, 
and far inferior to the placoid ones, but bear, in direct con- 
sequence of the arrangement, an expression of unmistake- 
able stupidity. The objection, however, admits of a greatly 
more conclusive reply. 

*' This fish, to speak in the technical lang^uage of Agassiz,'* 
says the Edinburgh Reviewer, in reference to the ancient 
ichthyolite of the Wenlock Shale, " undoubtedly belongs to 
the Cestraciont family of the placoid order, — proving to de- 
monstration that the oldest known fossil fish [1845] be- 
longs to the highest type of that division of the vertebrata." 
I may add, that the character and family of this ancient 
specimen was determined by our highest British authority in 
fossil ichthyology. Sir Philip Egerton. And it is in depre- 
ciation of Professor Sedgwick's statement regarding its high 
standing that the author of the "Vestiges" refers to the 
supposed inferiority indicated by a mouth opening, not at the 
extremity of the muzzle, but under the head. Let us, then, 
fully grant, for the argument's sake, that the occurrence of 
the mouth in the muzzle it a sign of superiority, and its oc- 
currence under the head a mark of great inferiority, and 
then ascertain how the fact stands with regard to the Cestra- 
oion. " The Cestracion sub-genus," says Mr James Wilson, 
in his admirable treatise on fishes, which forms the article 
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Ichthyology in the ** Encylopsedia Britanuica," ** has the 
temporal aperture, the anal fin, and rounded teeth, of tfsfualtit 
MmiUlut ; but the motUk it termival, or at the extremity 
OP the pointed muzzle." The accompanying figure (49), 

Fig. 49. 




poRT-JACKfiON SHARK iCexAracion PhiUippi.) 

taken fromaspecimenof Cetfrocton in thecolicction of Professor 
John Fleming, may be regarded as of some little interest, both 
from its direct bearing on the point in question, and from the 
circumstance that it represents, not inadequately for its size, 
the sole surviving species (Cestrcusion PhiUippi J of the oldest 
vertebrate fisunily of creation. With this family, so far as is 
yet known, ichthyic existence first began. It does not appear 
that on the globe which we inhabit there was ever an ocean 
tenanted by living creatures at all that had not its Cestra- 
cioHy — a statement which could not be made regarding any 
other vertebrate family. In Agassiz's " Tabular View of the 
Grenealogy of Fishes," the Cestracionts, and they only, sweep 
across the entire geologic scale. And, as shown in the figure, 
the mouth in this ancient family, instead of opening, as in 
the ordinary sharks, under the middle of the head, to expost^ 
them to the suspicion of being creatures of low and embryo- 
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tic character, opened in a broad honest-looking muzzle, very 
much resembling that of the hog. The mouths of the most 
ancient placoids of which we know anything did not, I reite- 
rate, open under their hectd*. 

But why introduce the element of embryotic progress into 
this question at all ? It is not a question of embryotic pro- 
gress. The very legerdemain of the sophist, — the juggling 
by which he substitutes his white balls for black, or converts 
his pigeons into crows, — consists in the art of attaching 
the conclusions founded on the facts or conditions of one 
subject-, to some other subject essentially distinct in its na- 
ture. Gestation is not creation. The history of the young 
of animals in their embryotic state is simply the history of 
thefcBtal young ; just as the history of insect transformation, 
in which it has been held by good men but weak reasoners 
that there exists direct evidence of the doctrine of the Re- 
surrection, is the history of insect transformation, and of 
nothing else. True, the human mind is so constituted that 
it converts all nature into a storehouse of comparisons and 
analogies ; and this fact of the metamorphosis of the creep- 
ing caterpillar, after first passing through an intermediate pe- 
riod of apparent death as an inert aurelia, into a winged imago, 
seems to have seized on the human fancy at a very early age, 
as wonderfully illustrative of life, death, and the future state. 
The Egyptians wrapped up the bodies of their dead in the 
chrysalis form, so that a mummy, in their apprehension, 
was simply a human pupa, waiting the period of its enlarge- 
ment ; and the Greeks had but one word in their language 
for butterfly and the soul. But not the less true is it, not- 
withstanding, that the facts of insect transformation furnish 
no legitimate key to the totally distinct facts of a resurrec- 
tion of the body, and of a life after death. And on what 
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principle, then, are we to trace the orif^in of jmst dynasticH 
in the changes of the foetus, if not the rise of the future 
dynasty in the transformations of the caterpiUar i ** TIies<' 
[embryotic] characters [that of the heterocercal tail, and 
of the mouth of the ordinary sliark type] are essential and 
important,** remarks the author of the "Vestiges," " what- 
ever the Edinburgh Reviewer may say to the contniry ; — 
they are the characters which, above all, I am chiefly 
concerned in looking to, for they are the features of em- 
bryotic progress, and embryotic progress is the grand key 
to the theory of development.** Yes ; the grand key to the 
theory of foetal development ; for embryotic progress is fcetal 
development. But on what is the assertion based that they 
form a key to the history of creation i Aurelia are not 
human bodies laid out for the sepulchre, nor are buttertiies 
human souls ; as certainly gestation is not creation, nor a 
life of months in the uterus a succession of races for millions 
of ages outside of it. On what grounds, then, is the asser- 
tion made ? Does it embody the result of a discovery, or 
announce the message of a revelation ? Did the author of the 
" Vestiges*' find it out for himself, or did an angel from 
heaven tell it him ? If it be a discovery, show us, we ask, 
the steps through which you have been conducted to it ; if 
a revelation, produce, for our satisfaction, the evidence on 
which it rests. For we are not to accept as data in a ques- 
tion of science, idle comparisons or vague analogies, whether 
produced through the intentional juggling of the sophist, or 
involuntarily conjured up in the dreamy delirium of an ex- 
cited fancy. 

It is one of the difficulties incident to the task of replying 
to any dogmatic statement of error, that every mere annun- 
ciation of a false fact or false principle must be met by ela- 
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borate counter-statement or carefully constructed argument, 
and that prolixity is thus unavoidably entailed on the con- 
troversialist who labours to set right what his antagonist has 
set wrong. The promulgator of error may be lively and en- 
tertaining, whereas his pains-taking oonfutator runs no small 
risk of being tedious and dull. May I, however, solicit the 
forbearance of the reader, if, after already spending much 
time in skirmishing on ground taken up by the enemy, — one 
of the disadvantages incident to the mere defendant in a 
controversy of this nature, — I spend a little more in indicat- 
ing what I deem the proper ground on which the standing of 
the earlier vertebrata should be decided. To the test of brain 
I have already referred as all-important in the question : I 
would now refer to the test of what may be termed homologi- 
cat symmetry of organization. 
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THE PROGRESS OF DEGRADATION. 



ITS IJISTORY. 



Though all animals be fitted by nature for the life which 
their instincts teach them to pursue, naturalists have learn- 
ed to recognise among them certain aberrant and mutilated 
forms, in which the type of the special class to which they 
belong seems distorted and degraded. They exist as the 
monster /amtZies of creation, just as among families there ap- 
pear from time to time monster individualsy — men, for in- 
stance, without feet, or hands, or eyes, or with their feet, 
hands, or eyes gfrievously misplaced, — sheep with their fore 
legs growing out of their necks, or ducklings with their 
wings attached to their haunches. Among these degraded 
races, that of the footless serpent, which ''goeth upon its 
belly," has been long noted by the theologian as a race typi- 
cal, in its condition and nature, of an order of hopelessly 
degraded beings, borne down to the dust by a clinging curse ; 
and, curiously enough, when the first comparative anato- 
mists in the world give their readiest and most prominent in- 
stance of degradation among the denizens of the natural 
world, it is this very order of footless reptiles that they 
select. So far as the geologist yet knows, the Ophidians 
did not appear during the Secondary ages, when the mo- 
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iiarchB of creation belonged to the reptilian division, but 
were ushered upon the scene in the times of the Tertiary 
deposits, when the mammalian dynasty had supplanted that 
of the Iguanodon and Megalosaurus. Their ill omened 
birth took place when the influence of their house was on 
the wane, as if to set such a stamp of utter hopelessness 
on its fallen condition, as that set by the birth of a worth- 
less or idiot heir on the fortunes of a sinking family. The 
degradation of the Ophidians consists in the absence of 
limbs, — an absence total in by much the greater number 
of their families, and represented in others, as in the boas 
and pythons, by mere abortive hinder limbs concealed in the 
skin ; but they are thus not only monsUsrs through defect of 
jHtfttf if I may so express myself, but also momters through 
redundancy, as a vegetative repetition of vertebra and ribs to 
the number of three or four hundred forms the special contri- 
vance by which the want of these is compensated. I am also 
disposed to regard the poison-bag of the venomous snakes as 
a mark of degradation ; — it seems, judging from analogy, to 
be a protective provision of a low character, exemplified 
chiefly in the invertebrate families, — ants, centipedes, and 
mosquitos, — spiders, wasps, and scorpions. The higher car- 
nivora are, we find, furnished with unpoisoned weapons, 
which, like those of civilized man, are sufficiently efi^ective, 
simply from the excellence of their construction, and the 
power with which they are wielded, for every purpose of as- 
sault or defence. It is only the squalid savages and degraded 
1)oschmen of creation that have their feeble teeth and tiny 
stings steeped in venom, and so made formidable. Monstrosity 
throwjh displ<toement of jKirts constitutes yet another form of 
degradation ; and this form, united, in some instances, to the 
other two, we find curiously exemplified in the geological 



OF DEGRADATION. 169 

history of the fish, — a history which, with all its blanks 
and missing portions, is yet better known than that of any 
other division of the vertebrata. And it is, I am convinced, 
from a survey of the progress of degradation in the great 
ichthyic division, — a progress recorded as " with a pen of iron 
in the rock for ever," and not from superficial views founded 
on the cartilaginous or non-cartilaginous texture of the ich- 
thyic skeleton, that the standing of the kingly fishes of the 
earlier periods is to be adequately determined. Any other 
mode of survey, save the parallel mode which takes deve- 
lopment of brain into account, evolves, we find, nothing like 
principle, and lands the inquirer in inextricable difficulties 
and inconsistencies. 

In all the higher non-degraded vertebrata we find a certain 
uniform type of skeleton, consisting of the head, the vertebral 
column, and four limbs ; and these last, in the various sym- 
metrical forms, whether exemplified in the higher fish, the 
higher reptiles, the higher birds, the higher mammals, or in 
man himself, occur always in a certain determinate order. In 
all the mammals, the scapular bases of the fore limbs begin o|)- 
posite the eighth vertebra from the skull backwards, the seven 
which go before being cervical or neck vertebrso ; in the 
birds, — a division of the vertebrata that, from their peculiar 
organization, require longer and more flexible necks than the 
mammals, — the scapulars begin at distances from Hie occiput 
varying, according to the species, from opposite the thirteenth 
to opposite the twenty-fourth vertebra ; and in the reptiles, 
— a division which, according to Cuvier, " presents a greater 
diversityof forms, characters, and modes of gait, than any of the 
other two," — they occur at almost all points, from opposite the 
second vertebra, as in the frog, to opposite the thirty-third 
or thirty-fourth vertebra, as in some species of plesiosaurus. 
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Bat in aJl, — whether mammab^ birds, or undegnuled reptiks, 
— thej are so placed, that the cr e ft tuna posses jweb, of 
greater or Ie« length, as an eawn tial portion of their gene- 
ral tjpe. The hinder limbs hare also in all these three 
diTisions of the animal kingdom their typical place. They 
occnr opposite, or Terj nearij opposite, the posterior termi- 
nation of the abdominal caTitj, and mark the line of sepa- 
ration between the rertebraB of the tronk (dorsal, Inmbar, 
and sacral), and the third and last, or eamdal division of 
the column, — a division rei«esented in man hj bat fbor rer- 
tebrsB, and in the crocodile bj about thirtj-five, bat whidi is 
foand to exist, as I hare already said, in all the more perfect 
forms. TheHmbs, then, in all the symmetrical animals of the 
first three classes of the vertebrata, marie the three great di- 
visions of the vertebral column, — the divisi<m of the ntdty the 
division of the trunk, and the division of the taii. Let as now 
inquire how the case stands with the fourth and lowest class, 
— that of the fishes. 

In those existing placoids that represent the fishes of the 
earliest vertebrate period, the places of the double fins, — pec- 
torals and ventrals^ — which form in the ichthyic class the true 
homolognes of the limbs, correspond to the places which these 
occupy in the symmetrical mammals, birds, and reptiles. The 
Hcapular bases of the fore or pectoral fins ordinarily begin op- 
posite the#welfth or fourteenth vertebra;* but they range, as 
in man and the mammals, in a forward direction, so that the 
fins themselves are opposite the eighth or tenth. The pelvic 
bases of the ventral fins are placed nearly opposite the base of 
the abdomen, so that, as in all the symmetrical animals, the 



* The twelfth in Spirax Acantkku^ and the fourteenth in Scyi- 
iium Stellare. 
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▼ent opens between, or nearly between, those hinder limbs 
which the bases support. In the Rays, which, so far as 
is yet known, did not appear in creation ontil the Second- 
ary ages had begun, the bases of the fore limbs, i. e. pectoral 
fins, are attached to the lower part of a huge cervical ver- 
tebra, nearly equal in length to all the trunk vertebrae 
united ; and in the Chimeridse, which also first appear in 
the Secondary division, they are attached, as in the osseous 
fishes, to the hinder part of the head. But in the represen- 
tatives of all those Silurian placoids yet known, of which the 
fiunily can be determined, or anything with safety predicated, 
the cervical division is found to occur as a series of vertebrae : 
they {Mresent in this, as in the hinder portion of their bodies, 
the homological symmetry of organization typical of that 
vertebral sub-kingdom to which they belong. 

In the second great period of ichthyic existence, — that of 
the Old Bed Sandstone, — we find the first example, in the 
class of fishes, of ^ monstrosity through dttpkbeememt of parts," 
and apparently also, — in at least two genera, though the 
evidence on this head be not yet quite complete, — of ^ mon- 
strosity through defect of parts." In all the ganoids of the 
period, with (so far as we can determine the point) only 
two exceptions, the scapular bases of the fore limbs are 
brought forward from their typical place opposite the base of 
the cervical vertebrae, and stuck on to the occipital plate. 
There occurs, in consequence, in one great order of the ich- 
thyic class, such a departure from the symmetrical type as 
would take place in a monster example of the human family in 
whom the neck had been annihilated, and the arms stuck on 
to the back of the head. And in the genera Cocoostem and 
Pterichtkyt we find the first example of degradation through 
defect. In the PterichthyB the Kinder limbs seem wanting ; and 
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in the Coecosteus we find no trace of the /oris limbs. The one 
resembles a monster of the human fiunily bom without hands, 
and the other a monster bom without feet. Ages and cen- 
turies pass, and long unreckoned periods come to a dose ; and 
then, after the termination of the Palaeozoic period, we see that 
change taking place in the form of the ichthyic tail, to which 
I have abready referred (and to which I must refer at least 
once more), as singularly illustratiYe of the progress of degra- 
dation. Yet other ages and centuries pass away, during which 
the reptile class attains to its fullest develc^ment, in point of 
size, organization, and number ; and then,after the times of the 
Cretaceous deposits have begun, we find yet another remark- 
able monstrosity of displacement introduced among all the 
fishesof one very numerous order,and among no inconsiderable 
proportion of the fishes of another. In the newly-introduced 
ctenoids {Acantkopterygiiy^asid in those families of the cycloids 
which Cuvier erected into theorder Malacopierffffii nUhbrttehioH, 
the hinder limbs are brought forward, and stuck on to the base 
of the previously misplaced fore limbs. All the four limbs, by 
a strange monstrosity of displacement, are crowded into the 
place of the extinguished neck. And such, at the present day, 
is the prevalent type among fishes. Monstrosity through de- 
feat is also found to increase ; so that the snake-like apoda, 
or feet- wanting fishes, form a numerous order, some of whose 
genera are devoid, as in the common eels and the congers, 
of only the hinder limbs ; while in others, as in the genera 
Mursena and Synbranchus, both hinder and fore limbs are 
wanting. In the class of fishes, as fishes now exist, we find 
many more evidences of the monstrosity which results from 
both the misplacement and defect of parts, than in the other 
three classes of the vertebrata united ; and knowing their 
geological history better than that of any of the others, we 



OF DEGRADATION. 163 

know, in consequence, that the monstrosities did not appear 
earlif, but late, and that the progress of the race, as a whole, 
though it still retains not a few of the higher forms, has 
been a progress, not of development from the low to the 
high, but of degradation from the high to the low. 

The reader may mark for himself, in the flounder, plaice, ha- 
libut, or turbot, — ^fishes of a family of which there appears no 
titice in the earlier periods, — an extreme example of the 
degradation of distortion superadded to that of displacement. 
At a first glance the limbs seem but to exhibit merely the 
amount of natural misarrangement and misorder common 
to the Aoanthopterygii and 8ulhbraohiaH ; — the base of the 
pectorals are stuck on to the head, and the base of the ven- 
trals attached to that of the pectorals. From the circum- 
stance, however, that the creature is twisted half round and 
laid on its side, we find that at least one of the pairs of 
double fins, — the pectorals, — ^perform the part of single fins, 
— one projecting from the animal's superior, the other from 
its inferior side, in the way the anal and dorsal fins project 
from the upper and under surfaces of other fishes ; while its 
real dorsal and anal fins, both developed very largely, and, — 
in order to preserve its balance, — in about an equal degree, 
and wonderfully correspondent in form, perform, from their 
lateral position, the functions of single fins. Indeed, at a first 
glance they seem the analogues of the largely-developed 
pectorals of a very different family of flat fishes, — the Rays. 
It would f^pear as if single and double fins, by some such 
mutual agreement as that which, according to the old bal- 
lad, took place between the churl of Auchtermuchty and 
his wife, had agreed to exchange callings, and perform each 
the work of the other. The tail, too, possesses, in consequence 
of the twist, not the vertical position of other fish-tails, but 
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isspreadout homontall;, like the tails < 
however, in the head of the flounder i 
we find the more extraordiniiry distortions exemplified. In 
order to accommodate it to tlie geneml twist, which rendered 
lateral what in other fishes ia dorsal and abdominal, and dor- 
sal and abdominal what in other fishes is lateral, one-half its 
features had to be twisted to the one side, and the other half 
to the other. The face and cranium have undergone Euch a 
clian^ as that which the human face and cranium would 
undei|fo, were the eyes to be drawn towards the left ear, 
and the mouth towards the right. The skull, in conseiiuence, 
exhibits, in its fixed bones, a strange Cyclopean character, 
unique among the families of creation ; It has its one well- 
marked eye-orbit opening, like that of Polyphemus, direct in 
themiddleof the fore part of its head ; while the other.exter- 
iial Co the cranium altogether, we find placed among the free 
bones, directly over the maxillaries. And the wry mouth, — 
twisted in the opposite direction, as if to keep up such abalanee 
of deformity as that which Che breast-hnmp of a hunchback 
forms to the hump behind, — is in keeping with the sqnint eyes. 
The jaw Bare strangely asymmetrical. In symmetrical fishes the 
two bones that compose the anterior half of Che lower jaw are 
as perfectly correspondent in form and size as the left hand or 
left foot is correspondent, in the human subject, to the rt^ 
hand or ri^Ac foot ; but not such their character in the floun- 
der. The one ia a broad, short, nearly straight bone; the other 
is larger, narrower, aud bent like a bow ; and while the one 
contains only from four to sis teeth, the other contains from 
thirty to thirty-flve. Boarcely in the entire ichthyic kingdom 
ore there any two jaws Chat less resemble one another than the 
two halves of the jaw of the flounder, turbot, halibut, or plaice. 
The intennaxillary bones are equally ill matched : the one i« 
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fully twice the size of the other, and contains about thrice as 
many teeth. That bilateral symmetry of the skeleton which is 
so iwoaHable a characteristic of the vertebrata, that ordinary ob- 
servers, who have eyes for only the rare and the uncommon, 
DeuI to remark it, bnt which a Newton could regard as so won- 
derful, and so thoroughly in harmony with the uniformity of 
the planetary system, has scarce any place in the asymmetri- 
cal head of the flounder. There exists in some of our north 
country fishing villages an ancient apologue, which, though 
not remarkable for point or meaning, at least serves to show 
that this peculiar example of distortion the rude fishermen 
of a former age were observant enough to detect. Once on 
a time the fishes met, it is said, to elect a king ; and their 
choice fell on the herring. ^ The herring king !" contemp- 
tuously exclaimed the flounder, a fish of consummate vanity, 
and greatly piqued on this occasion that its own presumed 
claims should have been overlooked ; '' where, then, am I V* 
And straightway, in punishment of its conceit and rebellion, 
^ its eyes turned to the back of its head." Here is there a 
story palpably founded on the degradation of misplacement 
and distortion, which originated ages ere the naturalist had 
recognised either the term or the principle. 

It would be an easy matter for an ingenious theorist, not 
much disposed to distinguish between the minor and the 
master laws of organized being, to get up quite as unexcep- 
tionable a theory of degradation as of development. The 
one-eyed, one-legged Chelsea pensioner, who had a child, un- 
born at the time, laid to his charge, agreed to recognise his 
relationship to the little creature, if, on its coming into the 
world, it was found to have a green patch over its eye, 
and a wooden leg. And, in order to construct a hypothesis 
of progressive degradation, the theorist has but to take for 
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granted the transmissioii to other generations of defects and 
compensating redundancies at once as extreme and acciden- 
tal as the loss of eyes or limbs, and the acquisition of timber 
legs or green patches. The snake, for instance, he might re- 
gard as a saurian, that, having accidentally lost its limbs, exert- 
ed itself to such account throughout a series of generations, in 
making up for their absence, as to spin out for itself, by dint of 
writhing and wriggling, rather more than a hundred additional 
vertebra), and to alter, for purposes of greater flexibility, the 
structure of all the rest. And as fishes, when nearly stunned by 
a blow, swim for a few seconds on their side, he might regard 
the flounders as a race of halfnstunned fishes, previously de- 
graded by the misplacement of their limbs, that, instead of re- 
covering themselves from the blow given to some remote pa- 
rent of the family, had expended all their energies in twisting 
their mouths round to what chanced to be the under side on 
wliich they were laid, and their eyes to what chanced to be 
the upper, and that made their pectorals serve for anal and 
dorsal fins, and their anal and dorsal fins serve for pectorals. 
But while we must recognise in nature certain laws of dis- 
turbance, if I may so speak, through which, within certain 
limits, traits which are the result of habit or circumstance in 
the parents are communicated to their ofispring, we would 
err as egregiously, did we take only these into account, with- 
out noting that infinitely stronger antagonist law of reproduc- 
tion and restoration which, by ever gravitating towards the 
original type, preserves the integrity of races, as the astrono- 
mer would, who, in constructing his orrery, recognised only 
that law of propulsion through which the planets speed 
through the heavens, without taking into account that anta- 
^nist law of gravitation which, by maintaining them in their 
orbits, ensures tlie regularity of their movements. The law 
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of restoration would recover and right the stunned fish laid 
on its side ; the law of reproduction would give limbs to the 
offspring of the mutilated saurian. We have evidence, in 
the extremeness of the degradation in these cases, that it 
cannot be a degradation hereditarily derived from accident. 
Nature is, we find, active, not in perpetuating the accidental 
wooden legs and green patches of ancestors in their de- 
scendants, but in restoring to the ofiBpring the true limbs 
and eyes which the parents have lost. It is, however, not 
with a theory of hereditary degradation, but a hypothesis of 
gradual development, that I have at present to deal ; and 
what I have to establish as proper to the present stage of my 
argument is, that this principle of degradation really exists, 
and that the history of its progress in creation bears directly 
against the assumption that the earlier vertebrata were of a 
lower type than the vertebrata of the same ichthyic class 
which exist now.* 



* It will scarce be urged against the degradation theory, that 
those races which, tried by the tests of defect or misplacement of 
parts, we deem degraded, are not less fitted for carrying on what 
in their own little spheres is the proper business of life, than the 
non-degraded orders and families. The objection is, howeyer, a 
possible one, and one which a single remark may serre to obviate. 
It is certainly true that the degraded families ore thoroughly fit- 
ted for the performance of all the work given them to do. They 
greatly increase when placed in faTOurable circumstances, and, 
when vigorous and thriving, enjoy existence. But then the same 
may be said of all animals, without reference to their place in 
the scale ; — the mollusc is as thoroughly adapted to its circum- 
stances, and as fitted to accomplish the end proper to its being, 
as the mammiferous quadruped, and the mammiferous quadruped 
as man himself; but the fact of perfect adaptation in no degree 
invalidates the other not less certain fact of difference of rank, 
nor proves that the mollusc is equal to the quadruped, or the 
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The progress of the ichthyic tail, as recorded in geologic 
history, corresponds with that of the ichthyic limbs. And 
as in the existing state of things we find fishes that nearly 
represent, in this respect, all the great geologic periods, — I 
say nearly f not fiUty, for I am acquainted with no fish ade- 
quately representative of the period of the Old Red Sand- 
stone, — ^it may be well to cast a glance over the contemporary 
series, as illustrative of the eonteeuHve one. In those placoids 
of the shark family that to a large brain unite homological 
symmetry of organization, and represent the fishes of the 
first period, we find, as I have already shown, that the ver- 
tebra gradually diminish in the caudal division of the 
column, until they terminate in a point, — a circumstance 
in which they resemble not merely the betaQed reptiles, but 
also all the higher mammiferous quadrupeds, and even man 
himself. And it is this peculiarity, stamped upon the less de- 
structible portions of the framework of the tail, — vertebrsB 
and processes, — rather than the one-sided or heterocercal 
form of the surrounding fin, composed of but a mucoidal 
substance, that constitutes its grand characteristic ; seeing 
that in some placoid genera, such as SeyUium Stdlare, the 
terminal portion of the fin is scarce less largely developed 
above than below, and that in others, as in most of the Ray 
family, the under lobe of the fin is wholly wanting. In the 
sturgeon, — one of the few ganoids of the present time, — we 
become sensible of a peculiar modification in this heterocer- 



quadruped to man. And, of course, the remark equally bears on 
the reduced as on the unelevatedf— on lowness of plaoe when a re- 
sult of degradation in races pertaining to a higher division of 
animals, as on lowness of place when a result of the humble 
standing of the division to which the races belong. 
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cal type of tail : the lower lobe is, we find, compoeed, as in 
Spinax and Seyllium^ of rays exclusively ; while throngh the 
centre of the upper lobe there runs an acutely angular 
patch of lozenge-shaped plates, like that which runs through 
the centre of the double fins of Diptenu and the Celacanths. 
But while in the sharks the gradually diniiwiahing vertebne 
stand out in bold relief, and form the thickest portion of 
the tail, that which represents them in the sturgeon (the 
angular patch) is slim and thin, — slimmer in the middle than 
even at the sides ; — in part a consequence, no doubt, of the 
want, in this fish, of solid vertebrsd, but a consequence also 
of the extreme attenuation of the nervous cord, in its pro- 
longation into the lobe of the fin. Further, the rays of 
the tail, — its peculiarly ichthyic portion, which are purely 
mucoidal in SpiiMx^ SoyUwrn^ and Cettraoiot^ — have become 
osseous in the sturgeon. The fiah has tei and heeome fixed, 
as cement sets in a building, or colours are fixed by a mor- 
dant. And it is worthy of special remark that, correspon- 
dent with the peculiarly ichthyic development of tail in this 
fish, we find the prevailing ichthyic displacement of the 
fore limbs. Again, in the Lepidosteus, another of the true 
ganoids which still exist, the internal augle of the upper lobe 
of the tail wholly disappears, and with the internal angle 
the prolongation of the nervous cord. Still, however, it 
is what the tail of the sturgeon would become were the 
angular patch to be obliterated, and rays substituted in- 
stead, — it is a tail set on awry. And in this fish also we find 
the ichthyic displacement of fore limb. One step more, and 
we arrive at the homocercal or equal-lobed tail, which seems 
to attain to its most extreme type in those fishes in which, 
as in the perch and flounder, the last vertebral joint, either 
very little or very abruptly diminished in size, expands into 
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broad procettes, withont homologue in the higher animals, 
on which the caudal rays rest as their bases. And in by 
much the hirgw proportion of these fishes all the four limbs 
are slung round the neck ; — they at once exhibit the homo- 
oercal tail in its broadest type, and displacement of limb in 
its most extreme form. 

Now, in tracing the geologic history of the ichthyic tail, we 
find these several steps or gradations from the heterocercal 
to the homocercal, represented by periods and formations. 
The Silurian periods may be r^farded as representative of 
that true heterocercal tail of the placoids, exemplified in 
Spinax (page 148, fig. 48), and Ceg^uoion (page 153, fig. 49). 
The whole caudal portion of this latter animal, commencing 
immediately behind the ventrals, is, as becomes a true tail, 
slim, when compared with its trunk ; the vertebrsB are of 
very considerable solidity ; the rays mucoidal ; and where 
the spinal column runs into the terminal fin, it takes such an 
upward turn as that which the horse-jockey imparts, by the 
process of nieking, to the tails of the hunter and the race-horse. 
And with the heterocercal tail, so true in its homologies to 
the tails of the higher vertebrata, we find associated, as 
has been shown, the true homological position of the fore 
limbs. With the commencement of the Old Red Sandstone 
the ganoidal tail first presents itself ; and we become sen- 
sible of a change in the structure of the attached fin, similar 
to that exemplified in the caudal rays of the sturgeon. As 
shown by the irregularly-angular patch of scales which in all 
the true Celacanths, and almost all the Dipterians,* runs 



* The vertebral column in the genus Diplopterus ran, as in tlu^ 
placoid genus SejfUiumf nearly through the middle of the caudal 
fin. 
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exemplified by the internal angle of the tail of the sturgeon : 
the lozenge-shaped scales run in acutely angular patches 
through their upper lobes ; but such is their extreme flat- 
ness, as shown by the disposition of the enamelled cover- 
ing, that it appears exceedingly doubtful whether any ver- 
tebral column ran beneath ; — they seem but to have cover- 
ed greatly diminished prolongations of the spinal cord. In 
the base of the Secondary division, — another long stage to- 
wards the existing state of things, — we find, with the ho- 
mocercal tail, which now appears for the first time, nume- 
rous tails like that of the Lepidoiteus (fig. 51), of an inter- 
Fig. 61. 
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mediate type ; — they are rather tails set on awry than truly 
heterocercal. The diminished cord has disappeared from 
among the fin rays. In the numerous Lepidoid genus, and the 
genera Semiotwtus and Tetra^noUpia, — all ganoidal fishes of 
the Secondary period, — this intermediate style is very marked; 
while in their contemporaries of the genera Uratus, Miorodon, 
and Pycnodus, we find the earliest examples of true homocer- 
cal tails. And in the ctenoids and cycloids of the Chalk the 
homocercal tail receives its fullest development. It finds 
bases for its rays in broad non-bomological processes, that 
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•pread ont behind abruptly-tenniiiating vertebnc (figJS2), 
Fig. 52. 




the Hune period in which, by a atrange process of degra- 
dation, the four ichthjnc limbs are lint gathered into a clus- 
ter, and hung about the neck. 

I am awara that by some very diatingniehed comparative 
aoatomiata, among the real Professor Owen, the attachment, so 
common among fiahea, of the scapular arch and the fore limba 
to the occipital bone, is r^arded, not aa a diaplacement, but as 
a Bomud and primary condition of the parts. Recognising in 
the ecapolar bonea the ribi of the occipital ceiUnm, the anato- 
miMs of this achool of course consider them, when found 
articulated to the octupot, as in their proper and ori^nal 
place, and as in a state of natural dislocation when removed, 
as in all the reptilea, birds, and mammals, &rther down. We 
find ProfesHor Oken borrowing support to his hypothesia 
from this view. The limbs, he tella us, are aimply ribs 
that, in the course of ages, have been aet Jrse, and have be- 
come by development what they now are. And it ia unques- 
timabty a curions and interesting &ct, that there are certain 
animals, such as the crocodile, in which every centrum of the 
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vertebral column^ and of every vertebra of the head, has its ribs, 
or rib-like appendages, with the exception of the occipital cen- 
trum. And it is another equally curious fact, that there is an- 
other certain class of animals, such as the osseous horn-cover- 
ed fishes, with the Sturionidse, Salamandroidei, and at least 
one genus among the placoids (the Chimseroidei), in which this 
occipital centrum bears as its riba the scapular bones, with 
their appendages the fore limbs. It is the eenirum without riits 
that is selected in these animals as the centrum to which the 
scapular ribs should be attached. Be it remembered, however, 

r 

that while it is unquestionably the part of the comparative 
anatomist to determine the relations and homologies of those 
parts of which all animals are composed, and to interpret the 
significancy in the scale of being of the various modes and 
forms in which they exist, it is as unquesticmably the part of 
the geologist to declare their history, and the order of their 
succession in time. The questions which fall to be determined 
by the geologist and anatomist are entirely different. It is the 
function of the anatomist to decide regarding the high and 
the low, the typical and the aberrant ; and so, beginning at 
what is lowest or highest in the scale, or least or most sym- 
metrical in type, he passes through the intermediate forms 
to the opposite extreme : and such is the order natural and 
prosier to his science. It is the vocation of the geologist, on 
the other hand, to decide regarding the early and the late. 
It is with time, not with rank, that he has to deal. Nor is it 
in the least surprising that he should seem at issue with the 
comparative anatomist, when, in classifying his groupes of 
organized being according to the periods of their appear- 
ance, there is an order of arrangement forced upon him, dif- 
ferent from that which, on an entirely different principle, the 
anatomist pursues. Nor can there be a better illustration 



OF DEGRADATION. 175 

of a collision of this kind, than the one famished by the case 
in point. That peculiarity of structure which, as the lowest 
in the vertebral skeleton, is to the comparative anatomist 
the primary and original one, and which, as such, furnishes 
him with his starting point, is to the geologist not primary, 
but secondary, simply because it was not primary, but secon- 
dary, in the order of its occurrence. It belongs, so far as 
we yet know, not to the first period of vertebrate existence, 
but to the teoond ; and appears in geologic history as does 
that savage state which certain philosophers have deemed 
the original condition of the human species, in the history of 
civilization, when read by the light of the Revealed Record, 
under the shadow of those gigantic ruins of the East that 
date only a few centuries after the Flood. It is tbund to be 
9, degradcOxon first introduced during the lapse of an interme- 
diate age, — not the normal condition which obtained during 
the long cycles of the primal one. It indicates, not the 
starting point from which the race of creation began, but 
the stage of retrogradation beyond it at which the pilgrims 
who set out in a direction opposite to that of the goal first 
arrived.* 



* I would, however, respectfully suggest, that that theory of 
cerebral vertebrae, on which, in this question, the comparative ana- 
tomists proceed as their principle, and which finds as little sup- 
port in the geologic record from the actual history of the fore 
limbs as from the actual history of the bones of the cranium, may 
be more ingenious than sound. It is a shrewd circumstance, that 
the rocks refuse to testify in its favour. Agassiz, I find, decides 
against it on other than geological grounds; and his conclusion is 
certainly rendered not the less worthy of careful consideration by 
the fact that, yielding to the force of evidence, his views on tho 
subject underwent a thorough change. He had first held, and 
then rejected it. " I have shared," he says, " with a multitude of 
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This fact of degradation, strangely indicated in geologic 
history, with reference to all the greater divisions of the 
animal kingdom, has often appeared to me a surpassingly 



other naturalists, the opinion which regards the cranium as com- 
posed of vertebrsB ; and I am consequently in some degree called 
upon to point out the motives which have induced me to reject 
it." 

" M. Oken," he continues, " was the first to assign this si^ifi- 
cation to the bones of the cranium. The new doctrine he ex- 
pounded was received in G-ermany with great enthusiasm by the 
school of the philosophers of nature. The author conceived the 
cranium to consist of three [four] vertebrae, and the basal occipi- 
tal, the sphenoid, and the ethmoid, were regarded as the central 
parts of these cranial vertebras. On these alleged bodies of verte- 
bras, the arches enveloping the central parts of the nervous sys- 
tem were raised, while on the opposite side were attached the in- 
ferior pieces, which went to form the vegetative arch destined to 
embrace the intestinal canal and the large vessels. It would be 
too tedious to enumerate in this place the changes which each 
author introduced, in order to modify this matter so as to make 
it suit his own views. Some went the length of affirming that 
the vertebras of the head were as complete as those of the trunk ; 
and, by means of various dismemberments, separations, and com- 
binations, all the forms of the cranium were referred to the ver- 
tebras, by admitting that the number of pieces was invariably 
fixed in every head, and that all the vertebrata, whatever might 
be their organization in other respects, had in their heads the 
same number of points of ossification. At a later period, what 
was erroneous in this manner of regarding the subject was de- 
tected ; but the idea of the vertebral composition of the head was 
still retained. It was admitted as a general law, that the cranium 
was composed of three primitive vertebras, as the embryo is of 
three blastodermic leaflets ; but that these vertebras, like the leaf- 
lets, existed only ideally, and that their presence, although easily 
demonstrated in certain cases, could only be slightly traced, and 
with the greatest difficulty, in other instances. The notion thus 
laid down of the virtual existence of cranial vertebras did not on- 
counter very great opposition ; it could not be denied that there 
was a certain general resemblance between the osseous case of 
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wonderful one. We can see but imperfectly, in those twi- 
light depths to which all such subjects necessarily belong ; 
and yet at times enough does appear to show us what a very 



the brain and the rachidian canal ; the occipital, in particular, had 
all the characteristic features of a vertebra. But whenever an at- 
tempt was made to push the analogy further, and to determine 
rigorously the anterior vertebr» of the cranium, the observer 
found himself arrested by insurmountable obstacles, and he was 
obliged always to revert to the virtual existence. 

" In order to explain my idea clearly, let me have recourse to 
an example. It is certain that organized bodies are sometimes 
endowed with virtual qualities, which, at a certaiu period of the 
being's life, elude dissection, and all our means of investigation. 
It is thus that, at the moment of their origin, the eggs of all ani- 
mals have such a resemblance to each other, that it would be im- 
possible to distinguish, even by the aid of the most powerful mi- 
croscope, the ovarial egg of a craw-fish, for example, from that of 
true fish. And yet who would deny that beings in every respect 
different from each other exist in these eggs ? It is precisely be- 
cause the difference manifests itself at a later period, in propor- 
tion as the embryo develops itself, that we were authorized to 
conclude, that, eveu from the earliest period, the eggs were dif- 
ferent, — that each had virtual qualities proper to itself, although 
they could not be discovered by our senses. If, on the contrary, 
any one should find two eggs perfectly alike, and should observe 
two beings perfectly identical issue from them, he would great- 
ly err if he ascribed to these eggs different virtual qualities. 
It is therefore necessary, in order to be in a condition to sup- 
pose that virtual properties peculiar to it are concealed in an 
animal, that these properties should manifest themselves once, 
in some phase or other of its development. Now, applying this 
principle to the theory of cranial vertebras, we should say, that if 
these vertebras virtually exist in the adult, they must needs show 
themselves in reality, at a certain period of development. If, on 
the contrary, they are found neither in the embryo nor the adult, 
I am of opinion that we are entitled likewise to dispute their vir- 
tual existence. 

"Here, however, an objection may be made to me, drawn from 

M 
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superficial thing infidelity may be. The general advance in 
creation has been incalculably great. The lower divisions of 
the vertebrata preceded the higher ; — the fish preceded the 



the physiological value of the yertebrse, the function of which, as 
is well known, is, on the one hand, to furnish a solid support to 
the muscular contractions which determine the movements of the 
trunk, and, on the other, to protect the centres of the nervous 
system, by forming a more or less solid case completely around 
them. The bodies of the vertebras are particularly destined to 
the first of these offices ; the neurapophyses to the second. What 
can be more natural than to admit, from the consideration of this, 
that in the head, the bodies of the vertebrae diminish in propor- 
tion as the moving function becomes lost, while the neurapophy- 
ses are considerably developed for protecting the brain, the volume 
of which is very considerable, when compared with that of the 
spinal marrow ? Have we not an example of this fact in the ver- 
tebras of the tail, where the neurapophyses become completely 
obliterated, and a simple cylindrical body alone remains ? Now, 
may it not be the case, that in the head, the bodies of the verte- 
brae have disappeared ; and that, in consequence, there is a pro- 
longation of the cord only as far as the moving functions of the 
vertebrae extend ? There is some truth in this argument, and it 
would be difficult to* refute it a priori. But it loses all its force 
the moment that we enter upon a detailed examination of the 
bones of the head. Thus, what would we call, according to this 
hypothesis, the principal sphenoid, the great wings of the sphe- 
noid, and the ethmoid, which form the floor of the cerebral cavity ? 
It may be said they are apophyses. But the apophyses protect 
the nervous centres only on the side and above. It may be said 
that they ai*e the bodies of the vertebrae. But they are formed 
without the concurrence of the dorsal cord ; they cannot, there- 
fore, be the bodies of the vertebras. It must therefore be allowed, 
that these bones at least do not enter into the vertebral type ; 
that they are in some measure peculiar. And if this be the case 
with them, why may not the other protective plates be equally in- 
dependent of the vertebral type ; the more so, because the relations 
of the frontals and parietals vary so much, that it would be almost 
impossible to assign to them a constant place V 
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reptile, the reptile preceded the bird, the bird preceded the 
mammiferous quadruped, and the mammiferous quadruped 
preceded man. And yet, is there one of these great divi- 
sions in which, in at least some prominent feature, the pre- 
sent, through this mysterious element of degradation, is not 
inferior to the past ? There was a time in which the ichthyic 
form constituted the highest example of life ; but the seas 
during that period did not swarm with fish of the degraded 
type. There was, in like mamier, a time when all the car- 
nivora and all the herbivorous quadrupeds were represent- 
ed by reptiles ; but there are no such magnificent reptiles 
on the earth now as reigned over it then. There was an after 
time, when birds seem to have been the sole representatives 
of the warm-blooded animals ; but we find, from the prints 
of their feet left in sandstone, that the tallest men might 
have 

" Walked under their huge legs, and peeped about.*' 

Further, there was an age when the quadrupedal mammals 
were the magnates of creation ; but it was an age in which 
the sagacious elephant, now extinct, save in the compara- 
tively small Asiatic and African circles, and restricted to two 
species, was the inhabitant of every country of the Old 
World, from its southern extremity to the frozen shores of 
the northern ocean ; and when vast herds of a closely allied 
and equally colossal genus occupied its place in the New. 
And now, in the times of the high-placed human dynasty, — 
of those formally delegated monarchs of creation, whose na- 
ture it is to look behind them upon the past, and before them, 
with mingled fear and hope, upon the future, — do we not as 
certainly see the elements of a state of ever-sinking degra- 
dation, which is to exist for ever, as of a state of ever-in- 
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creasiiig perfectibility, to which there is to be no end ? Nay, 
of a higher race, of which we know but little, this much 
we at least know, that they long since separated into two 
great classes, — that of the ^ elect angels," and of ** angels that 
kept not their first estate." 
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EVIDENCE OF THE SILURIAN MOLLUSCS. 
OF THE FOSSIL FLORA. 

ANCIENT TREE. 



After dwelling at such length on the earlier fishes, it may 
seem scarce necessary to advert to their lower contemporaries 
the mollusca, — that great division of the animal kingdom 
which Cuvier places second in the descending order, in his 
survey of the entire series, and first among the inverte- 
brates ; and which Oken regards as the division out of which 
the immediately preceding class of the vertebral animals 
have been developed. "The fish," he says, "is to be viewed 
as a mussel, from between whose shells a monstrous abdo- 
men has grown out." There is, however, a peculiarity in 
the moUuscan group of the Silurian system, to which I must 
be permitted briefly to refer, as, to employ the figure of 
Sterne, it presents " two handles" of an essentially different 
kind, and as in all such two-handled cases, the mere special 
pleader is sure to avail himself of only the handle which 
best suits his purpose for the time. 

Cuvier's first and highest class of the mollusca is formed 
of what are termed the Cephalopods, — a class of creatures 
possessed of great freedom of motion : they can walk, swim, 
and seize their prey ; they have what even the lowest fishes. 
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such as the laucelet, want, — a brain enclosed in a cartilagi- 
nous cavity in the head, and perfectly formed organs of sight ; 
they possess, too, what is found in no other mollusc, — organs of 
hearing ; and in sagacity and activity they prove more than 
matches for the smaller fishes, many of which they overmas- 
ter and devour. With this highest class there contrasts an 
exceedingly low molluscous class at the bottom of the scale, 
or, at least, at what is now the bottom of the scale ; for they 
constitute Cuyier^sfifth class ; while his sixth and last, the Cir- 
rhopodes, has been since withdrawn from the molluscs alto- 
gether, and placed in a different division of the animal king- 
dom. And this low class, the Brachipods, are creatures that, 
living in bivalve shells,unfumished with springhinges to throw 
them open, and always fast anchored to the same spot, can but 
thrust forth, through the interstitial chinks of their prison- 
houses, spiral arms, covered with cilia, and winnow the water 
for a living. Now, it so happens that the molluscan group of 
the Silurian system is composed chiefly of these two extreme 
classes. It contains some of the other forms ; but they are 
few in number, and give no character to the rocks in which 
they occur. There was nothing by which I was more im- 
pressed, in a visit to a Silurian region, than that in its an- 
cient grave-yards, as in those of the present day, though in 
a different sense, the high and the low should so invariably 
meet together. It is, however, not impossible that, in even 
the present state of things, a similar union of the extreme 
forms of the marine mollusca may be taking place in deep- 
sea deposits. Most of the intermediate forms provided with 
shells capable of preservation, such as the shelled Gkistero- 
poda and the Conchifers, are either littoral, or restricted to 
comparatively small depths ; whereas the Brachipoda are 
deep-sea shells ; and the Cephalopoda may be found voyaging 
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far from land, in the npper strata of the sea above them. Even 
in the seas that sorroondoar own island, theBrachipodons mol- 
luscs, — terebratula and crania, — have been found, ever since 
deep-sea dredging became common, to be not very rare shells ; 
and in the Mediterranean, where they are less rare still, 
fleets of Argonauts, the representatives of a highly organized 
family of the Cephalopods, to which it is now believed the 
Bellerophon of the PaUeozoic rocks belonged, may be seen 
skimming along the sur£Eu^e, with sail and oar, high over the 
profound depths in which they lie. And, of course, when 
death comes, that comes to high and low, the remains of both 
Ai^onauts and Brachipods must lie together at the bottom, 
in beds almost totally devoid of the intermediate forms. 

Now, the author of the ^Vestiges,*' in maintaining his 
hypothesis, suspends it on the handle furnished him by the 
immense abundance of the Silurian Brachipods. The Si- 
lurian period, he sajrs, exhibits ** a scanty and most defective 
development of life ; so much so, that Mr Lyell calls it, par 
excellence, the age of Brachipods, with reference to the by 
no means exalted bivalve shell-fish which forms its predo- 
minant class. Such being the actual state of the case, I 
must persist in describing even the fiftuna of this age, which 
we now know was not the first, as, generally speaking, soch 
a humble exhibition of the animal kingdom as we might ex- 
pect, upon the development theory, to find at an early stage 
of the history of organization." The reader will at once dis- 
cern the fiftllacy here. The Silurian period was peculiarly 
an age of Brachipods, for in no other period were Brachi- 
pods so numerous, specifically or individually, or of such size 
or importance ; whereas it was not to peculiarly an age of 
Cephalopods, for these we find introduced in still greater num- 
bers during the Liasic and Oolitic periods. In 1848, when 
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Professor Edward Forbes edited the Palseontolog^cal map of 
Britain and Ireland, which forms one of the very admirable 
series of ** Johnstone's Physical Atlas," the Cephalopods of 
the Silurian rocks of England and Wales were estimated at 
forty-eight species, and the Brachipods at one hundred and 
fifty; whereas at the same date there were two hundred 
and five Cephalopods of the Oolitic formations enumerated, 
and but fifty-four Brachipods. It is the molluscs of the infe- 
rior, not those of the superior class, that constitute (with their 
contemporaries the Trilobites) the characteristic fossils of the 
Silurian rocks ; and hence the propriety of the distinctive 
name suggested by Sir Charles Lyell. But in the develop- 
ment question, what we have specially to consider is, not the 
numbers of the low, but the standing of the high. A country 
may be distinctively a country of flocks and herds, or a country 
of the carnivorous mammalia, or, like New South Wales or 
the (valapagos, a country of marsupial animals or of reptiles. 
Its human inhabitants may be merely a few hunters or shep- 
herds, too inconsiderable in numbers, and too much like 
their brethren elsewhere, to give it any peculiar standing aa 
a home of men. But in estimating the highest point in the 
scale to which the animal kingdom has attained within its 
limits, it is of its few men, not of its many beasts, that we 
must take note. And the point to be specially decided re- 
garding the organisms of the Silurian system, in this ques- 
tion, is, not the proportion in number which the lower forms 
bore to the higher, but the exact rank which the higher bore 
in the scale of existence. Did the system fumisli but a 
single Cephalopod or a single fish, we would yet have as 
certainly to determine that the chain of being reached as high 
as the Cephalopod or the fish, as if the remains of these crea- 
tures constituted its most abundant fossils. The chain of 
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animal life reached quite as high on the evening of the sixth 
day of creation, when the human family was restricted to a 
single pair, as it does now, when our statists reckon up by 
millions the inhabitants of the greater capitals of the world ; 
and the special pleader who, in asserting the contrary, would 
insist on determining the point, not by the rani; of the men 
of Eden, but by the witmber of minnows or sticklebacks that 
swarmed in its rivers, might be perhaps deemed ingenious 
in his expedients, but certainly not very judicious in the 
use of them. It is worthy of remark, however, that the 
Brachipods of those Palaeozoic periods in which the group 
occupied such lai^ space in creation, consisted of greatly 
larger and more important animals than any which it con- 
tains in the present day. It has yielded to what geological 
history shows to be the common fate, and sunk into a state 
of degradation and decline. 

The geological history of the vegetable, like that of the 
animal kingdom, has been pressed into the service of the 
development hypothesis ; and certainly their respective 
courses, both in actual arrangement and in their relation to 
human knowledge, seem wonderfully alike. It is not much 
more than twenty years since it was held that no exogenous 
plant existed during the Carboniferous period. The fre- 
quent occurrence of Coniferse in the Secondary deposits had 
been conclusively determined from numerous specimens ; 
but, founding on what seemed a lai^ amount of negative 
evidence, it was concluded that, previous to the Liasic age, 
nature had failed to achieve a tree, and that the rich vege- 
tation of the Goal Measures had been exclusively composed 
of magnificent immaturities of the vegetable kingdom, — 
of g^igantic ferns and club-mosses, that attained to the size of 
forest-trees, and of thickets of the swamp-loving horsetail fa- 
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mily of plants, that well nigh rivalled in height those forests 
of masts which darken the rivers of onr great commercial 
cities. Such was the view promulgated by M. Adolphe 
Brogniart ; and it may be well to remark that, so far as the 
evidence on which it was based was positive, the view was 
sound. It it a fact, that inferior orders of plants were de- 
veloped in those ages in a style which in their present state 
of degradation they never exemplify : they took their place, 
not, as now, among the pigmies and abortions of creation, 
but among its tallest and goodliest productions. It is, how- 
ever, not a fact that they were the highest vegetable forms 
of their time. True exogenous trees also existed in great 
numbers and of vast size. In various localities in the coal 
fields of both England and Scotland, — such as Lennel Braes 
and Allan Bank in Berwickshire, High-Heworth, Fellon, 
Grateshead, and Wideopen near Newcastle-upon-Tyne, and 
in quarries to the west of the city of Durham, — the most 
abundant fossils of the system are its true woods. In the 
quarry of Craigleith, near Edinburgh, three huge trunks have 
been laid open during the last twenty years, within the space 
of about a hundred and fifty yards, and two equally massy 
trunks, within half that space, in the neighbouring quarry of 
Granton, — ^all low in the Coal Measures. They lie diagonally 
athwart the strata, — ^at an angle of about thirty, — with the 
nether and weightier portion of their boles below, like snags 
in the Mississippi ; and we infer, from their general direction, 
that the stream to which they reclined must have flowed from 
nearly north-east to south-west. The current was probably 
that of a noble river, which reflected on its broad bosom the 
shadow of many a stately tree. With the exception of one of 
the Granton specimens, which still retains its strong-kneed 
roots, they are all mere portions of trees, rounded at both 
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endsy as if by attrition or decay ; and yet one of these por- 
tions measures about six feet in diameter by sixty-one feet in 
length ; another four feet in diameter by seventy feet in length ; 
and the others, of various thickness, but all bulky enough to 
equal the masts of large vessels, range in length from thirty- 
six to forty-seven feet. It seems strange to one who derives 
his supply of domestic fuel from the Dalkeith and Falkirk 
coal-fields, that the Carboniferous flora could ever have been 
described as devoid of trees. I can scarce take up a piece of 
coal from beside my study fire without detecting in it frag- 
ments of carbonized wood, which almost always exhibit the 
characteristic longitudinal fibres, and not unfrequently the 
medullary rays. Even the trap-rocks of the district enclose, 
in some instances, their masses of lignite, which present in 
their transverse sections, when cut by the lapidary, the net- 
like reticulations of the coniferse. The fossil botanist who 
devoted himself chiefly to the study of microscopic structure 
would have to decide, from the facts of the case, not that 
trees were absent during the Carboniferous period, but that, 
in consequence of their having been present in amazing 
numbers, their remains had entered more palpably and ex- 
tensively into the composition of coal than those of any other 
vegetable.* So far as is yet known, they all belonged to the 



* It is stated by Mr Witham, that, " except in a few instances, 
he had ineffectually tried, with the aid of the microscope, to obtain 
some insight into the structure of coal. Owing," he adds, " to its 
great opacity, which is probably due to mechanical pressure, the 
action of chemical affinity, and the percolation of acidulous waters, 
all traces of organization appear to have been obliterated." I 
hare heard the late Mr Sanderson, who prepared for Mr Witham 
most of the specimens figured in his well-known work on the 
" Internal Structure of Fossil Vegetables," and from whom the 
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two grekt divisiona of tbe coDiferons faiiu]y, arancariatis and 
pines. TfaehogeteeeaofCraigleithaiidGraiiton were of the 
former tribe, and ^iproxiinate more nearijr to AMngia txeeUa, 







miMrlBls of bis ststcmeat on this point seem lo hare b«en de- 
rived, make ■ aimilsr remark. It wu n 
of coal that eiUblMd Che organic stracti 
Is far athemlse ; and the ingenious mechanic and his emploTer 
ware misled, limplf bf the circnmatance, that it Is rare to find 
pieces of coal which eihlbit the ligneooa fibre, exlating it> a state of 
lieaping solid enongh to stand tbe grinding of thelapldarj's wheel. 
Tbe lignite nanally occurs in thin layers of a 8oh8t«nce resembling 
Boft ebareoal, at which, from the loose adhesion of the fibres, the 
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It is beat examined bi a Stanhope lens. It will be found, 
tried In this manner, that so far la vegetable fibre from being of 
rare occurrence In coal, — oar Scotch coal at least, — that almost 
vier; cubic inch contains its hundredB,naf,itstbonsauds, of cells. 
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the Norfolk-Island plae,^[i noble omucariaii, tliut rears lis 
proud head from a hundred and sixty to two hundred fet-t 
over the soil, und exhibits a green and luxnriiuit breadth of 
foliage rare among the Conifenc,— llian any other living tree. 

Beyond the Coal Measures terrestrial plants become e: 
Iremely rare. The fossil botanist, ou taking leave of the 
lowerCarbonircrousbeclSiquits tbeland, and sets out to s 
uitd it seems in no way surprising, that the specimens which 
he there adds to his herbarium should consiBt mainly of Faea- 
Bnf and Cofl/ertwr. The development hypotlieais can bor 
no support from the nrople ^t, that while a high terrestrial 
vegetation grows upon dry land, only algie grow in the t 
aud even did the Old Red Sandstone and Siluriuu systems Jiir- 
nish, as their vegetable organisms, fucoids exclusively, the 
evidence would amount to no more than simply this, that the 
land of the Falfcozoic periods produced pUnta of the land, and 
the sea of the Falsozoic periods, produced plants of the sc 
In the Upper Old Red Saodaloae,— the formation of the 

roloplyetiiu and the Stai/oaiiUpu, — the only v^etable remains 

rliich I have yet Been are of a charuvter su exceedingly ob- 
and doubtful, that all I could venture to premise r^ord- 
TD); them is, that they neem to be the fnigmentJi of sorely com- 
minuted fucoids. In the formation of the Middle Old Red, — 
titat of the Oepluklafipis aJid the gigantic lobster of Cormylie, 
■^the vegetable mmoins are at once more numerous and bet- 
ter defined. 1 have detected among the gray micaceous 
iMwdstones of Forfarsliire a fucoid furnished with a thick, 
oat stem, that bnuiubes into numerous divergent leaflets 
fronds, of a slim parallelogrotnmical, gross-like form, and 

rhich, as a whole, somewhat rmembtet the scourge of oonU 
■hcd to tt liandlc with which a lK>y whips his top. And 
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Professor Fleming describes a still more remarkable vege- 
table organism of the same formation, ** which, occurring in 
the form of ciroiilar, flat patches, composed each of numerous 
smaller contiguous circular pieces, is altogether not unlike 
what might be expected to result from a compressed berry, 
such as the bramble or rasp." In the Lower Old Red, — the 
formation of the CoeootUni and C%eira<»ff<&iM, — the remains of 
fucoids are more numerous still. There are gray slaty beds 
among the rocks of Navity, that owe their fissile character 
mainly to their layers of carbonized weed ; and ** among the 
rocks of Sandy-Bay, near Thurso,'* says Mr Dick, ** the dark 
impressions of large fucoids are so numerous, that they re- 
mind one of the interlaced boughs and less bulky pine- 
trunks that lie deep in our mosses.'* A portion of a stem 
from the last locality, which I owe to Mr Dick, measures 
three inches in diameter ; but the ill-compacted cellular 
tissue of the algsd is but indifferently suited for preservation ; 
and so it exists as a mere coaly film, scarcely half a line in 
thickness. 

The most considerable collection of the Lower Old Red 
fucoids which I have yet seen is that of the Rev. Charles 
Clouston of Sand wick, in Orkney, — a skilful cultivator of geo- 
logical science, who has specially directed his pals&ontological 
inquiries on the vegetable remains of the flagstones of his 
district, as the department in which most remained to be 
done ; but his numerous specimens only serve to show what 
a poverty-stricken flora that of the ocean of the Lower Old 
Red Sandstone must have been. I could detect among 
them but two species of plants ; — the one an imperfectly pre- 
served vegetable, more nearly resembling a club-moss than 
aught else which I have seen, but which bore on its surface. 
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instead of the well-marked scales of the LycopoduxeeoBy irregu- 
lar rows of tubercles, that, when elongated in the profile, as 
sometimes happens, might be mistaken for minute, ill-de- 
fined leaves ; the other, a smooth-stemmed fucoid, existing 
on the stone in most cases as a mere film, in which, how- 
ever, thickly-set longitudinal fibres are occasionally trace- 
able, and which may be always distinguished from the other 
by its sharp-edged outline, and from the circumstance that 
its stems continue to retain the same diameter for consi- 
derable distances, after throwing off at acute angles nu- 
merous branches nearly as bulky as themselves. In a 
Thurso specimen, about two feet in length, which I owe 
to the kindness of Mr Dick, there are stems continuous 
throughout, that, though they ramify in that space into from 
six to eight branches, are nearly as thick atop as at bottom. 
They are the remains, in all probability, of a long, flexible 
weed, that may have somewhat resembled those fucoids of 
the intertropical seas which, streaming slantwise in the tide, 
rise not unfrequently to the surface in from fifteen to twenty 
fBithoms water ; and as, notwithstanding their obscurity, they 
are among the most perfect specimens of their class yet 
found, and contrast with the stately araucarians of the Coal 
Measures, in a style which cannot fail to delight the heart of 
every assertor of the development h3rpothesis, I present 
them to the reader from Mr Dick's specimen, in a figure 
(fig. 54) which, however slight its interest, has at least the 
merit of being true. The stone exhibits specimens of the 
two species of Mr Clouston's collection, — the sharp-edged, 
finely-striated weed, a, and that roughened by tubercles, 6; 
which, besides the distinctive character manifested on its 
surface, differs from the other in rapidly losing breadth with 
every branch which it throws off, and, in consequence, runs 



soon to a point. The cut on the oppuaite page (fig. 55) n 
lireiiaiita not iniidequatel]' the cortical peculiarities of the l« 





Bjiecies when beat preserved. The Bnrfnce of the luberaiedone 
will perliapB remiad the Algologist of the knobbed surface of 
the thong or receptacle of Bimatithalia lorat, a recent fucoid, 
common on the western coaat of Seotland, but rare on the 
east. An Orkney specimen lately sent mu by Mr William 
Watt, from a quarry at Skaill, has much the uppearanru 
of one of the smallor fi^ms, Buch as the moor-worts, eeu 
spleen-worts, or maiden-hairs. It exists as .in impreeaioii 
in dilated black, on a ground of dark gray, and has so little 
sharpness of outline, that, like minnte figures in oil-paintings, 
it seems mare distinct wheu viewed at arm's length thun 
when microscopically examined ; but enough remains to show 
tliat it must have been a terrestrial, not a marine plant. Thf 
accompanying print (fig, 66) may be regarded as no un- 
faithful representation of this unique fossil in its state of 
imperfect keeping. The vegetation of the Silurian system, 
from Its upper beds down till where we reach the zero of lift-, 
is, like that of the Old Red Sandstone, almost exclusively 
fucuidal. In the older foseiliferous deposits of the system in 
Sweden, Bnesia, the Lake Districts of England, Canada, and 
the United States, fiicoids occur, to the exclusion, so far as is 




yet known, of every other vegetable form ; aiid sucli is thuir 
abundance in Home localities, tliat they render the argilla- | 
eeous rocka Ju wliich they lie diffused, capablo of being fired 
as an alum alate, and exist in others as seams nf a compai^t 
anthracite, occasionally uaed afi fuel. Tbey also octnir iu 
those districM of Wales iu wliicli the place and seqnence 
of the various Silurian formations were first determined, 
though apparently in a state of keeping from which little 
can be premised regarding their original forms. Sir Ro- 
derick Murchison Bums up his notice of the vegetable re- 
mains of the Bystein in the province whence it derives ita 
name, by stating, that he had submitted his specimens to 
" Mr Robert Brown and Dr Greville, and tliat neither of these 
eminent botiuiiats were able to say much more regarding 
them than that tliey were fucoid-Iike bodies." 

uch are the vegetable organisms of the Old Red Sand- i 
stone and SilnriMi systems: they are the reninins of the | 
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ancient marine plants of ancient marine deposits, and, as such, 
lend quite as little support to the development hypothesis as 
the recent algsa of our existing seas. The case, stated in its 
most favourable form, amounts simply to this, — that at certain 
early periods,— represented by the Upper and Lower Silurian 
and the Old Red deposits, — the seas produced sea-plants; 
and that at a certain later period, — that of the Carboniferous 
system, — the land produced land-plants. But even this, did 
it stand alone, would be a too favourable statement. I have 
seen, on one occasion, the fisherman bring up with his nets, 
far in the open sea, a wild rose-bush, that, though it still bore 
its characteristic thorns, was encrusted with serpula, and 
laden with pendulous lobularia. It had been swept from its 
original habitat by some river in flood, that had undermined 
and torn down the bank on which it grew ; and after float- 
ing about, mayhap for months, had become so saturated 
with water, that it could float no longer. And in that single 
rose-bush, dragged up to the light and air from its place 
among Sertularia, Flustra, Serpula, and the deep-sea fucoids, 
I had as certain an evidence of the existence of the dico- 
tyledonous plant, as if I had all the families of the Rosacese 
before me. Now, we are furnished by the more ancient for- 
mations with evidence regarding the existence of a terres- 
trial vegetation, such as that which the rose-bush in this case 
supplied. We cannot expect that the proofs should be nu- 
merous. In the chart of the Pacific attached to the better 
editions of ** Cook's Voyages," there are several notes along 
the tract of the great navigator, that indicate where, in mid 
ocean, trees or fragments of trees had been picked up. 
These entries, however, are but few, though they belong to 
all the three voyages together : if I remember aright, there 
are only five entries in all, — two in the Northern, and three 
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in the Southern Pacific. The floating shrub or tree, at a 
great distance from land, is of rare occurrence in even the 
present scene of things, though the breadth of land be great, 
and trees numerous ; and in the times of the Silurian and Old 
Red Sandstoile systems, when the breadth of land was ap- 
parently not great, and trees and shrubs, in consequence, not 
numerous, it must have been of rarer occurrence still. We 
learn, however, from Sir Charles Lyell, that in the ^ Hamil- 
ton group of the United States, — ^a series of beds that cor- 
responds in many of its fossils with the Ludlow rocks of 
England, — plants allied to the Lepidodendra of the Carboni- 
ferous type are abundant ; and that in the lower Devonian 
strata of New York the same plants occur associated with 
ferns." And I am able to demonstrate, from an interesting 
fossil at present before me, that there existed in the period 
of the Lower Old Red Sandstone, vegetable forms of a class 
greatly higher than either Lepidodendra or ferns. 

In my little work on the Old Red Sandstone, I have refer- 
red to an apparent lignite of the Lower Old Red of Cromarty, 
which presented, when viewed by the microscope, marks of 
the internal fibre. The surface, when under the glass, re- 
sembled, I said, a bundle of horse-hairs lying stretched in pa- 
rallel lines : and in this specimen alone, it was added, had I 
found aught in the Lower Old Red Sandstone approaching to 
proof of the existence of dry land. About four years ago I had 
this lignite put stringently to the question by Mr Sanderson ; 
and deeply interesting was the result. I must first mention, 
however, that there cannot rest the shadow of a doubt regard- 
ing the place of the organism in the geologic scale. It is une- 
«iui vocally a fossil of the Lower Old Red Sandstone. I found it 
partially embedded, with many other nodules half-disinterred 
by the sea, in an ichthyolitic deposit, a few hundred yards to 



THE FOSSIL PIiORA. 197 

the east of the town of Cromartj, which occurs more than 
four hundred feet over the Great Conglomerate base of the 
system. A nodule that laj immediately beside it contained 
a well-preserved specimen of the Coccoitmt Detipiau ; and in 
the nodule in which the lignite itself is contained (fig. S7), 




the practised eye may detect a scattered group of scales of 
i)i}<^tk»i(Aii^ a scarce less chwacteristic organism of the lower 
formation. And what, asks the reader, is the character of 
this very ancient vegetable, — the most ancient, bj three 
whole formatit»is, that has presented its internal structure 
to the microscope I Is it as low in the scale of development 
as in the gieological scale ! Does this venerable Adam of the 
forest appear, like the Adam of the infidel, as a squalid, ill- 
formed savage, with a rugged shaggy nature, which it would 
require the suggestive uecesdties of many ages painfully to 
lick into civilization! Or does it appear rather like the Adam 
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of tKe poet and the theologian, independent, in its instanta- 
neously-derived perfection, of all after development I 

" Adam, the goodliest man of men since born 
His sons.** 

Is its tissue vascular or cellular, or, like that of some of the 
cryptogamia, intermediate ? Or what, in fine, is the nature 
and bearing of its mute but emphatic testimony, on that doc- 
trine of progressive development of late so strangely resus- 
citated ? 

In the first place, then, this ancient fossil is a true wood, — 
a Dicotyledonous or Polycotyledonous Gymnosperm, that, like 
the pines and larches of our existing forests, bore naked seeds, 
which, in their state of germination, developed either double 
lobes to shelter the embryo within, or shot out a fringe of ver- 
ticillate spikes, which performed the same protective func- 
tions, and that, as it increased in bulk year after year, received 
its accessions of growth in outside layers. In the transverse 
section the cells bear the reticulated appearance which distin- 
guish the coniferae (fig. 68, a) ; the lignite had been exposed in 
its bed to a considerable degree of pressure; and so the open- 
ings somewhat resemble the meshes of a net that has been 
drawn a little awry ; but no general obliteration of their ori- 
ginal character has taken place, save in minute patches, where 
they have been injured by compression or the bituminizing 
process. All the tubes indicated by the openings are, as in re- 
cent coniferae, of nearly the same size ; and though, as in 
many of the more ancient lignites, there ore no indications of 
annual rings, the direction of the medullary rays is distinctly 
traceable. The longitudinal sections are rather less distinct 
than the transverse one : in the section parallel to the ra- 
dius of the stem or bole the circular disks of the coniferaD 




nl first not at all detwted ; aod, us aioce sbotvn by a 
Ivery line iiiicroacope,Uie;appeELr simply om double and triple 
f lines of undeliiied dots ib), that eomewliat resemble the ati|>- 
I pled markinga of the imniatnre |Hunler ; nor are the open- 
I logs of the meduUoiy rnys frequent in the tmigental section 
1. that parallel to the bark) id); but nothingean be better 
I defined than the peculiar arrtuigemeut of the woody (ibri-, 
I knd the lon^tudinal form of the cells. 8ui:h Is the character 
] of thiB, tlie most uneient of lignites yet found, that yields U 
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the microscope the peculiarities of its origiDal structure. We 
find in it an un&llen Adam^ — ^not a half-developed savage.* 

The olive leaf which the dove brought to Noah establish- 
ed at least three important facts, and indicated a few more. 
It showed most conclusively that there was dry land, that 
there were olive trees, and that the climate of the sur- 
rounding region, whatever change it might have undergone, 
was still favourable to the development of vegetable life. 



* On a point of such importance I find it necessary to strengthen 
my testimony by auxiliary evidence. The following is the judg- 
ment, on this ancient petrifaction, of Mr Nicol of Edinburgh, — 
confessedly one of our highest liTing authorities in that division of 
fossil botany which takes cognizance of the internal structure of 
lignites, and decides, from their anatomy, their race and family: — 

« Edinburgh, 19th July 1845. 
" Dear Sir, — I have examined the structure of the fossil wood 
which you found in the Old Red Sandstone at Cromarty, and have 
no hesitation in stating, that the reticulated texture of the trans- 
verse sections, though somewhat compressed, clearly indicates a 
coniferous origin ; but as there is not the slightest trace of a disc 
to be seen in the longitudinal sections parallel to the medullary- 
rays, it is impossible to say whether it belongs to the Pine or Arau- 
carian division. — I am, &c. 

" William NicoL." 

It will be seen that Mr Nicol failed to detect what I now deem 
the discs of this conifer, — those stippled markings to which I have 
referred, and which the engraver has indicated in no exaggerated 
style, in one of the longitudinal sections (6) of the wood-cut given 
above. But even were this portion of the evidence wholly want- 
ing, we would be loft in doubt, in consequence, not whether the 
Old Red lignite formed part of a true gymnospermous tree, but 
whetlier that tree is now represented by the pines of Europe and 
America, or by the araucarians of Chili and New Zealand. Were 
I to risk an opinion in a department not particularly my province, 
it would be in favour of an araucarian relationship. 
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And, farther, it might be very safely inferred from it, that if 
olive trees had survived, other trees and plants .must have 
survived also ; and that the dark muddy prominences round 
which the ebbing currents were fast sweeping to lower 
levels, would soon present, as in antediluvian times, their 
coverings of cheerful green. The olive leaf spoke not of 
merely a partial, but of a general vegetation. Now, the 
coniferous lignite of the Lower Old Red Sandstone we find 
charged, like the olive leaf, with a various and singularly in- 
teresting evidence. It is something to know, that in the 
times of the Cocoosteus and Aiterolepis there existed dry land, 
and that that land wore, as at after periods, its soft, gay 
mantle of green. It is something also to know, that the 
verdant tint was not owing to a profuse development of the 
mere immaturities of the vegetable kingdom, — crisp, slow- 
growing lichens, or watery spore-propagated fungi that shoot 
up to their full size in a night, — nor even to an abundance 
of the more highly organized families of the liverworts and 
the mosses. These may have abounded then, as now ; though 
we have not a shadow of evidence that they did. But while 
we have no proof whatever of their existence, we have con- 
clusive proof that there existed orders and families of a rank 
far above them. On the dry land of the Lower Old Bed 
Sandstone, on which, according to the theory of Adolphe 
Brogniart, nothing higher than a lichen or a moss could have 
been expected, the ship-carpenter might have hopefully taken 
axe in hand, to explore the woods for some such stately pine 
as the one described by Milton, — 

" Hewn on Norwegian hills, to be the mast 
Of some great admiral." 

Viewed simply in its picturesque aspect, this dive leaf of 
the Old Red seems not at all devoid of poetry. We sail 
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upwards into tbe high geologic zones, passing from ancient 
to still more ancient scenes of being ; and, as we voyage 
along, find ever in the surrounding prospect, as in the ex- 
isting scene from which we set out, a graceful intermixture 
of land and water, continent, river, and sea. We first coast 
along the land of the Tertiary, inhabited by the strange 
quadrupeds of Cuvier, and waving with the reeds and palms 
of the Paris Basin ; the land of the Wealden, with its gigan- 
tic iguanodon rustling amid its tree ferns and its cycadese, 
comes next ; then comes the green land of the Oolite, with 
its little pouched, insectivorous quadruped, its flying rep- 
tiles, its vast jungles of the Brora equisetum, and its forests 
of the Helmsdale pine ; and then, dimly as through a haze, 
we mark, as we speed on, the thinly scattered islands of the 
New Red Sandstone, and pick up in our course a large float- 
ing leaf, veined like that of a cabbage, which not a little 
puzzles the botanists of the expedition. And now we near 
the vast Carboniferous continent, and see along the undu- 
lating outline, between us and the sky, the strange forms of 
a vegetation, compared with which that of every previously 
seen land seems stunted and poor. We speed day after day 
along endless forests, in which gigantic club-mosses wave in 
air a hundred feet over head, and skirt interminable marshes, 
in which thickets of reeds overtop the mast-head. And, 
where mighty rivers come rolling to the sea, we mark, 
through the long-retiring vistas which they open into the 
interior, the higher grounds of the coimtry covered with 
coniferous trees, and see doddered trunks of vast size, like 
those of Granton and Craigleith, reclining under the banks 
in deep muddy reaches, with their decaying tops turned 
adown the current. At length the furthermost promontory of 
this long range of coast comes full in view : we near it, — 
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we have come up abreast of it : we see the shells of the 
Mountain Limestone glittering white along its further shore, 
and the green depths under our keel lightened by the flush 
of innumerable corals ; and then, bidding farewell to the 
land for ever, — for so the geologists of but five years ago 
would have advised, — we launch into the unmeasured ocean 
of the Old Red, with its three consecutive zones of animal 
life. Not a single patch of land more do those geologic 
charts exhibit which we still regard as new. The zones of 
the Silurian and Cambrian succeed the zones of the Old Red ; 
and, darkly fringed by an obscure bank of cloud ranged along 
the last zone in the series, a night that never dissipates settles 
down upon the deep. Our voyage, like that of the old fabu- 
lous navigators of five centuries ago, terminates on the sea in 
a thick darkness, beyond which there lies no shore and there 
dawns no light. And it is in the middle of this vast ocean, 
just where the last zone of the Old Red leans against the 
first zone of the Silurian, that we have succeeded in disco- 
vering a solitary island unseen before, — a shrub-bearing land, 
much enveloped in fog, but with hills that at least look 
green in the distance. There are patches of floating sea- 
weed much comminuted by the surf all around it ; and on 
one projecting headland we see clear through our glasses a 
cone-bearing tree. 

This certainly is not the sort of arrangement demanded 
by the exigencies of the development hypothesis. A true 
wood at the base of the Old Red Sandstone, or a true pla- 
coid in the Limestones of Bala, very considerably beneath 
the base of the Lower Silurian system, are untoward mis- 
placements for the purposes of the Lamarckian ; and who that 
has watched the progress of discovery for the last twenty 
years, and seen the place of the earliest ichthyolite trans- 
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ferred from the Carboniferous to the Cambrian system, and 
that of the earliest exogenous lignite from the Lias to the 
Lower Devonian, will now venture to say that fossil wood 
may not yet be detected as low in the scale as any vegetable 
organism whatever, or fossil fish as low as the remains of 
any animal ? But though the response of the earlier geologic 
systems be thus un&vourable to the development hypothesis, 
may not men such as the author of the '^ Vestiges" urge, 
that the geologic evidence, taken as a whole, and in its bear- 
ing on groupes and periods, establishes the general fact that 
the lower plants and animals preceded the higher, — that the 
conifera, for instance, preceded our true forest trees, such as 
the oak and elm, — that, in like manner, the fish preceded 
the reptile, that the reptile preceded the bird, that the bird 
preceded the mammiferous quadruped and the quadrumana, 
and that the mammiferous quadruped and the quadrumana 
preceded man ? Assuredly yes ! They may and do urge 
that Geology furnishes evidence of such a succession of ex- 
istences ; and the arrangement seems at once a very won- 
derful and very beautiful one. Of that great and imposing 
procession of being of which this world has been the 
scene, the programme has been admirably marshalled. But 
the order of the arrangement in no degree justifies the in- 
ference based upon it by the Lamarckian. The fact that 
fishes and reptiles were created on an earlier day than the 
beasts of the field and the human family, gives no ground 
whatever for the belief that " the peopling of the earth was 
one of a natural kind, requiring time," or that the reptiles 
and fishes have been not only the predecessors, but also the 
progenitors, of the beasts and of man. The geological phe- 
nomena, even had the author of the " Vestiges" been con- 
sulted in their arrangement, and permitted to determine 
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their sequence, would yet have failed to furnish, not merely 
an adequate foundation for the development hypothesis, but 
even the slightest presumption in its favour. In making 
good the assertion, may I ask the reader to follow me through 
the details of a simple though somewhat lengthened illus- 
tration ? 
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SUPERPOSITION NOT PARENTAL RELATION. 



THB BEGINNINGS OF LIFE. 



Several thousand years ago, ere the upheaval of the last of 
our raised beaches, there existed somewhere on the British 
coast a submarine bed, rich in sea- weed and the less destruc- 
tible zoophytes, and inhabited by the commoner crustacese 
and molluscs. Shoals of herrings frequented it every autumn, 
haunted by their usual enemies the dog-fish, the cod, and the 
porpoise ; and, during the other seasons of the year, it was 
swum over by the ling, the hake, and the turbot. A con- 
siderable stream, that traversed a wide extent of marshy 
country, waving with flags and reeds, and in which the frog 
and the newt bred by millions, entered the sea a few hun- 
dred yards away, and bore down, when in flood, its modicum 
of reptilian remains, some of which, sinking over the sub- 
marine bed, found a lodgment at the bottom. Portions of 
reeds and flags were also occasionally entombed, with now 
and then boughs of the pine and jimiper, swept from the 
higher grounds. Through frequent depositions of earthy 
matter brought down by the streamlet, and of sand thrown 
up by the sea, a gradual elevation of the bottom went on, 
till at length the deep-sea bed came to exist as a shallow 
bank, over which birds of the wader family stalked mid-leg 
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deep when plying for food ; and on one occasion a small por- 
poise, losing his way, and getting entangled amid its shoals, 
perished on it, and left his carcase to be covered np by its 
mud and silt. That elevation of the land, or recession of the 
sea, to which the country owes its last acquired marginal 
strip of soil, took place, and the shallow bank became a flat 
meadow, raised some six or eight feet above the sea-level. 
Herbs, shrubs, and trees, in course of time covered it over ; 
and then, as century succeeded century, it gathered atop a 
thick stratum of peaty mould, embedding portions of birch 
and hazel bushes, and a few doddered oaks. When in this 
state, at a comparatively recent period, an Italian boy, ac- 
companied by his monkey, was passing over it, when the poor 
monkey, hard- wrought and ill-fed, and withal but indifi^erently 
suited originaUy for braving the rigours of a keen northern cli- 
mate, lay down and died, and his sorrowing master covered up 
the remains. Not many years after, the mutilated corpse of a 
poor shipwrecked sailor was thrown up, during a night-storm, 
on the neighbouring beach : it was a mere fragment of the 
human frame, — a mouldering unsightly mass, decomposing 
in the sun ; and a humane herd-boy, scooping out a shallow 
grave for it, immediately over that of the monkey, buried it 
up. Last of all, a farmer, bent on agricultural improvement, 
furrowed the flat meadow to the depth of some six or eight 
feet, by a broad ditch, that laid open its organic contents 
from top to bottom. And then a philosopher of the school of 
Maillet and Lamarck, chancing to come the way, stepped 
aside to examine the phenomena, and square them with his 
theory. 

First, along the bottom of the deep ditch he detects ma- 
rine organisms of a low order, and generally of a small size. 
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There are dark indistinct markings traversing the gray silt, 
which he correctly enough regards as the remains of fiicoids ; 
and blent with these he finds the stony cells of flustra, the cal- 
careous spindles of the sea-pen, the spines of echinus, and the 
thin granular plates of the Crustacea. Layers of mussel and 
pecten shells come next, mixed up with the shells of bucci- 
num, natica, and trochus. Over the shells there occur defen- 
sive spines of the dog-fish, blent with the button-like, thomset 
boucles of the ray. And the minute skeletons of herrings, with 
the vertebral and cerebral bones of cod, rest over these in turn. 
He finds also well-preserved bits of reed, and a fragment of 
pine. Higher up, the well-marked bones of the frog occur, and 
the minute skeleton of a newt ; higher still, the bones of 
birds of the diver family ; higher still, the skeleton of a por- 
poise ; and still higher, he discovers that of a monkey, resting 
amid the decayed boles and branches of dicotyledonous plants 
and trees. He pursues his search, vastly delighted to find his 
doctrine of progressive development so beautifully illustrated ; 
and last of all he detects, only a few inches from the surface, 
the broken remains of the poor sailor. And, having thus col- 
lected his facts, he sets himself to collate them with his hy- 
pothesis. To hold that the zoophytes had been created zoo- 
phytes, the molluscs molluscs, the fishes fishes, the reptiles 
reptiles, or the man a man, would be, according to our philoso- 
pher, alike derogatory to the Divine wisdom and to the acu- 
men and vigour of the human intellect : it would be "distress- 
ing to him to be compelled to picture the power of God, as put forth in 
any other manner than in those slow, mysterious, unicersal la^es, 
which }iax)e so plainly an eternity to work in ;" nor, with so large 
au amount of evidence before him as that which the ditcli 
furnishes,— evidence conclusive to the effect that creation is 
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but development, — does he find it necessary either to cramp 
his faculties or outrage his taste, by a weak yielding to the 
requirements of any such belief. 

Meanwhile the farmer, — a plain, observant, elderly man, 
comes up, and he and the philosopher enter into conversa- 
tion. '' I have been reading the history of creation in the 
side of your deep ditch," says the philosopher, ''and find the 
record really very complete. Look there," he adds, point- 
ing to the unfossiliferous strip that runs along the bottom 
of the bank ; '' there, life, both vegetable and animal, first 
began. It began, struck by electricity out of albumen, as a 
congeries of minute globe-shaped atoms, — each a hollow 
sphere within a sphere, as in the well-known Chinese puz- 
zle ; and from these living atoms were all the higher forms 
progressively developed. The ditch, of course, exhibits none 
of the atoms with which being first commenced ; for the 
atoms don't keep ; — we merely see their place indicated by 
that unfossiliferous band at the bottom ; but we may detect 
immediately over it almost the first organisms into which, — 
parting thus early into the two great branches of organic be- 
ing, — they were developed. There are the fucoids, first-bom 
among vegetables, — and there the zoophytes, well nigh the 
lowest of the animal forms. The fucoids are marine plants ; 
for, according to Oken, ' all life is from the sea, — none from 
the continent ;' but there^^ a few feet higher, we may see the 
remains of reeds and flags, — semi-aqueous, semi-aerial plants, 
of the comparatively low monocotyledonous order into which 
the fucoids were developed ; higher still we detect fragments 
of pines, and, I think, jimiper, — ^trees and shrubs of the land, 
of an intermediate order, into which the reeds and flags were 
developed in turn ; and in that peaty layer immediately be- 
neath the vegetable mould, there occur boughs and imnks 

o 
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of blackened oak, — a noNe tree of the dicotyledonous divi- 
sion, — the highest to which vegetation in its upward course 
has yet attained. Nor is the progress of the other great branch 
of organized being, — that of the animal kingdom, — less dis- 
tinctly traceable. The zoophytes became Crustacea and mol- 
luscs, — the Crustacea and molluscs, dog-fishes and herrings, — 
the dog-fish, a low placoid, shot up chiefly into turbot, cod, 
and ling; but the smaller osseous fish was gradually con- 
verted into a batrachian reptile ; in short, the herring be- 
came a frog, — an animal that still testifies to its ichthyological 
origin, by commencing life as a fish. Gradually, in the course 
clears, the reptile, expanding in size and improving in fa- 
culty, passed into a warm-blooded porpoise ; the porpoise at 
length, tiring of the water as he began to know better,quitted it 
altogether, and became a monkey, and the monkey by slow de- 
grees improved into man, — yes, into man, my friend, who has 
still a tendency, especially when just shooting up to his full 
stature, and studying the ' Vestiges/ to resume the monkey. 
Such, Sir, is the true histcny of creation, as clearly recorded 
in the section of earth, moss, and silt, which you have so op- 
portunely laid bare. Where that ditch now opens, the ge- 
nerations of the man atop lived, died, and were developed. 
There flourished and decayed his great-great-great-great- 
grandfibther the sea-pen, — his great-great-great-grandfather 
the mussel, — his great-great-grandfather the herring, — his 
great-grandfeither the frog, — his grandfather the porpoise, 
— and his father the monkey. And there also lived, died, and 
were developed, the generations of the oak, from the kelp- 
weed and tangle to the reed and the flag, and from the reed 
and the flag, to the pine, the juniper, the hazel, and the 
birch." 
** Master," replies the farmer, ** I see you are a scholar. 
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and, I suspect, a wag. It would take a great deal of believ- 
ing to believe all that. In the days of my poor old neigh- 
bour the infidel weaver, who died of ddirium tremens thirty 
years ago, I used to read Tom Paine ; and, as I was a little 
wild at the time, I was, I am afraid, a bit of a sceptic. It 
wasn't easy work always to be as unbelieving as Tom, espe- 
cially when the conscience within got queasy ; but it would 
be a vast deal easier, Master, to doubt with Tom than to 
believe with you. I am a plain man, but not quite a fool ; 
and as I have now been looking about me in this neigh- 
bourhood for the last forty years, I have come to know 
that it gives no assurance that any one thing grew ouf of 
any other thing because it chances to be found atop of it. 
Master. See, yonder is Dobbin lying lazily atop of his 
bundle of hay ; and yoxMler little Jack, with bridle in hand, 
and he in a few minutes will be atop of Dobbin. And all I 
see in that ditch. Master, from top to bottom, is neither more 
nor less than a certain top-upon-bottom order of things. I see 
sets of bones and dead plants lying on the top of other sets 
of bones and dead plants, — things lying atop of things, as I 
say, like Dobbin on the hay and Jack upon Dobbin. I 
doubt not the sea was once here. Master, just as it was once 
where you see the low-lying field yonder, which I won from 
it ten years ago. I have carted tangle and kelp-weed where 
I now cut clover and rye-grass, and have gathered periwinkles 
where I now see snails. But it is elecm agcnmst experienee, as 
my poor old neighbour the weaver used to say, — against my 
experience. Master, — that it was the kelp- weed that became 
the rye-grass, or that the periwinkles freshened into snails. 
The kelp-weed and periwinkles belong to those plants and 
animals of the sea that we find growing in ofUy the sea ; the 
rye-grass and snails, to those plants and animals of the land 
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that we find growing on only the land. It is contrary to all 
experience, and all testimony too, that the one passed into 
the other, and so I cannot believe it ; but I do and must be- 
lieve, instead, — for it is not contrary to experience, and much 
according to testimony, — that the Author of all created both 
land productions and sea productions at the * times before ap- 
pointed,' and 'determined the bounds of their habitation.' 
' By faith we understand that the worlds were framed by the 
word of God ;' and I find I can be a believer on Grod's 
terms at a much less expense of credulity than an infidel on 
yours." 

But in this form at least it can be scarce necessary that 
the argument should be prolonged. 

The geological phenomena, I repeat, even had the author 
of the '^ Vestiges" been consulted in their arrangement, and 
permitted to determine their sequence, would fail to furnish 
a single presumption in favour of the development hypothe- 
sis. Does the ditch-side of my illustration furnish it with a 
single favouring presumption ? The arrangement and se- 
quence of the various organisms are complete in both the 
zoological and phytological branch. The flag and reed succeed 
the fucoid ; the fir and juniper succeed the flag and reed ; and 
the hazel, birch, and oak succeed the fir and juniper. In like 
manner, and with equal regularity, zoophytes, the radiata, the 
articulata, moUusca, fishes, reptiles, birds, and mammals, are 
ranged, the superior in succession over the inferior classes, in 
the true ascending order ; and yet we at once see that the 
evidence of the ditch-side, amounting in the aggregate to no 
more than this, that the remains of the higher lie over those 
of the lower organisms, gives not a shadow of support to the 
hj'pothesis that the lower produced the higher. For, accord- 
ing to the honest farmer, the fact that any one thing is 
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found lying on the top of any other thing, furnishes no pre- 
sumption whatever that the thing below stands in the rela- 
tion of parent to the thing above. And the evidence which 
the well-ranged organisms of the ditch-side do not furnish, 
the organisms of the entire geologic scale, even were they 
equally well ranged, would &il to supply. The fossiliferous 
portion of the ditch-side of my illustration may be, let us 
suppose, some five or six ftt^ in thickness ; the fossiliferous 
portion of the earth's crust must be some five or six m\le» in 
thickness. But the mere circumstance of space introduces 
no new element into the question. Equally in both cases the 
fact of superposition is not ideiaical with the fact of parental 
relation, nor even in any degree an analogous fact. 

As, however, the succession of remains in the fossiliferous 
series of rocks is infinitely less favourable to the develop- 
ment h3rpothesis than that of the organisms of the ditch-side, 
it is not very surprising that the disciples of the development 
school should be now evincing a disposition to escape from 
the ascertained facts of Geology, and the legitimate conclu- 
sions based upon these, unto unknown and unexplored pro- 
vinces of the science ; or that they should be found virtually 
urging, that though some of the ascertained facts may seem 
to bear against them, the facts not yet ascertained may be 
found telling in their &vour. Such, in effect, is the course 
taken by the author of the " Vestiges," in his " Explanations," 
when, availing himself of a difi^rence of opinion which ex- 
ists among some of our most accomplished geologists regard- 
ing the first epochs of organized existence, he takes part 
with the section who hold that we have not yet penetrated 
to the deposits representative of the dawn of being, and that 
fossil-charged formations may yet be detected beneath the 
oldest rocks of what is now regarded as the lowest fossilife- 
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rous system. Sir Charles Lyell and Mr Leonard Homer re- 
present the abler and better-known assertors of this last 
view ; while Sir Boderick Murchison and Professor Sedgwick 
rank among the more distinguished assertors of the antago- 
nist one. It would be of course utterly presumptuous in 
the writer of these pages to attempt deciding a question 
regarding which such men differ ; but in forming a judg- 
ment for myself, various considerations incline me to hold, 
that the point is now very nearly determined at which, 
to employ the language of Sir Roderick, ^ life was first 
breathed into the waters." The pyramid of organized ex- 
istence, as it ascends into the by-past eternity, inclines sen- 
sibly towards its apex, — that apex of ^ beginning** in which, 
on far other than geological grounds, it is our privilege to 
believe. The broad base of the superstructure, planted on 
the existing now, stretches across the entire scale of life, 
animal and vegetable ; but it contracts as it rises into the 
past ; — ^man, — the quadrumana, — the quadrupedal mammal, 
— the bird, — ^and the reptile, — are each in succession struck 
from off its breadth, till we at length see it with the ver- 
tebrata, represented by only the fish, narrowing, as it were, 
to a point ; and though the clouds of the upper region may 
hide its extreme apex, we infer from the declination of its 
sides, that it cannot penetrate much farther into the pro- 
found. When Steele and Addison were engaged in break- 
ing up, piecemeal, their Spectator Club, — killing off good 
Sir Roger de Coverly with a defluction, marrying Will 
Honeycomb to his tenant's daughter, and sending away 
Captain Sentry and Sir Andrew Freeport to their estates 
in the country, — it was shrewdly inferred that the " Spec- 
tator'* himself was very soon to quit the field ; and the 
sudden discontinuance of his lucubrations justified the in- 
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ference. And a corresponding style of reasoning, based 
on the corresponding ieuct of the breaking up and piece- 
meal disappearance of the group of organized being, seems 
equally admissible. It is somewhat difficult to conceive how 
at least mctny more volomes of the geologic record than the 
known ones could be got up without the dub. Further, — so far 
as yet appears, the fish must have lived in advance of the rep- 
tile during the three protracted 'periods of the Old Red 
Sandstone, the two still more protracted periods of the Up- 
per and Lower Silurians, and the perhaps more protracted 
period still of the Cambrian deposits ; — in all, apparently, a 
greatly more extended space than that in which the rep- 
tile lived in advance of the quadrupedal mammal, or the 
quadrupedal mammal lived in advance of man. On jprrn- 
ciples somewhat similar to those on which, with reference to 
the average term of life, the genealogist fixes the probable 
period of some birth in his chain of succession of which he 
cannot determine the exact date, it seems natural to infer 
that the birth of the fish should have taken place at least not 
earlier than the times of the Cambrian system. 

There is another consideration,of at least equal,if not greater 
weight. A general correspondence is found to obtain in wide- 
ly-separated localities, in the organic contents of that lowest 
band of theLower Silurian or Cambrian system in which fossils 
have been detected. In Russia, in Sweden, in Norway, in the 
Lake district of England, and in the United States, there are 
certain rocks which occupy relatively the same place, and en- 
close what may be described generally as the same remains. 
They occur in Scandinavia as that ^ fucoidal band" of Sir Ro- 
derick Murchison which forms the base of the vast Palaeozoic 
basin of the Baltic ; they exist in Cumberland and Westmore- 
land as the Skiddaw slates of Professor Sedgwick, and bear 
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also their fiicoidal impressions, blent with graptolites ; they 
are present in North America as those Potsdam sandstones of 
the States' geologists in which fncoids so abound, mixed with 
a minute lingula, that they impart to some portions of the 
strata a carboniferous character. But with these deep-lying 
beds in all the several localities, thousands of miles apart, in 
which their passage into the inferior deposits has been traced, 
fossils cease. And why Cease with them ? In one locality 
the ancient ocean may have been of such a depth in the 
period immediately />r0t»oti«, and represented, in consequence, 
by the strata immediately beneath, that no animal could have 
lived at its bottom, — though I do not well see why the re- 
mains of those animals who, like the shark and pilot-fish, are 
frequently seen swimming over the profoundest depths, might 
not, did such exist at the time, be notwithstanding/oufui at its 
bottom ; or in another locality every trace of organization in 
the nether rocks may have been obliterated, at some posterior 
period, by fire. But it is difficult to imagine that that uniform 
cessation of organized life at one point, which seems to have 
conducted Sir Roderick Murchison and Professor Sedgwick 
to their conclusion, should have been thus a mere efi^ect of ac- 
cident. Accident has its laws, but uniformity is not one of 
them ; and should the experience be invariable, as it already 
seems extensive, that immediately beneath the fucoidal beds 
organic remains cease, I do not see how the conclusion is to 
be avoided, that they represent the period in which at least 
existences capable of preservation were first introduced. Every 
case of coincident cessation which has occurred since the 
determination of the second case, must be reckoned, not 
simply as an additional unit in evidence, but, on the prin- 
ciples which determine mathematical probability, as a unit 
multiplied, first by the chances against its occurrence, re- 
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garded as a mere contingency in that exact formation, and 
second, by the sum of all the previous occurrences at the 
same point. 

In this curious question, however, which it most be the part 
of future explorers in the geological field definitely to settle, 
the Lamarckian can have no legitimate stake. It is but na- 
tural that, in his anxiety to secure an ultimate retreat for his 
hypothesis, he should desire to see that darkness in which 
ghosts love to walk settling down on the extreme verge of 
the geological horizon, and enveloping in its folds the first 
beginnings of life. But even did the cloud exist, it is, if I 
may so express myself, on its nearer side, where there is light, 
— not within nor beyond it, where there is none, — that the 
battle must be fought. It is to Geology <u U is knovon to be 
that the Lamarckian has appealed, — not to Geology as it is 
not known to be. He has summoned into court existing wit- 
nesses ; and, finding their testimony unfavourable, he seeks to 
neutralize their evidence, by calling from the '* vasty deep" 
of the unexamined and the obscure, witnesses that '' won't 
come," — that by the legitimate authorities are not known 
even to exist, — and with which he himself is, on his own 
confession, wholly unacquainted, save in the old scholastic 
character of mere possibilities. The possible fossil can have 
no more standing in this controversy than the ^possible angel** 
He tells us that we have not yet got down to that base-line 
of all the fossiliferous systems at which life first began ; and 
very possibly we have not. But what of that ? He has 
carried his appeal to Geology as it is ; — he has referred his 
case to the testimony of the known witnesses, for in no case 
can the unknown ones be summoned or produced. It is on 
the evidence of the known, and the known only, that the 
exact value of his claims must be determined ; and his 
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appeal to the unknown serves but to show how thoroughly 
he himself feels that the actually ascertained evidence bears 
against him. The severe censure of Johnson on reasoners of 
this class is in no degree over-severe. ** He who will deter- 
mine," said the moralist, ^against that which he knows, be- 
cause there may be something which he knows not,-^he that 
can set hypothetical possibility against acknowledged cer- 
tainty, — is not to be admitted among reasonable beings.'* 

But the honest farmer's reminiscences of his deceased 
neighbour the weaver, and his use at second-hand of Hume's 
experience-argument, naturally lead me to another branch of 
the subject. 
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LAMARCKIAN HYPOTHESIS OF THE ORIGIN 

OF PLANTS. 

ITS CONSEQUENCES. 



I HAVE said that the curiously-mixed, semi-marine, semi- 
lacustrine flora of the Lake of Stennis became associated 
in my mind, like the ancient Atterolepii of Stromness, with 
the development hypothesis. The fossil, as has been shown, 
represents not inadequately the geologic evidence in the 
question, — the mixed vegetation of the lake may be regarded 
as forming a portion of the phytological evidence. 

** All life," says Oken, ** is from the sea. Where the sea 
organism, by self-elevation, succeeds in attaining into form, 
there issues forth from it a higher organism. Love arose out 
of the sea-foam. The primary mucus (that in which electri- 
city originates life) was, and is still, generated in those very 
parts of the sea where the water is in contact with earth and 
air, and thus upon the shores. The first creation of the or- 
ganic took place where the first mountain summits projected 
out of the water, — indeed, without doubt, in India, if the 
Himalaya be the highest mountain. The Jint organic forms, 
ttkether platUt or animaliy emerged from ike tikaUow parte of the 
sea,''* Maillet wrote to exactly the same effect a full century 
ago. '^ In a word," we find him saying, in his ** Telliamed,** 
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" do not herbs, plants, roots, grains, and all of this kind that 
the earth produces and nourishes, come from the sea ! Is it 
not at least natural to think so, since we are certain that all 
our habitable lands came originally from the sea t Besides, 
in small islands far from the continent, which have appeared 
but a few ages ago at most, and where it is manifest that 
never any man had been, we find shrubs, herbs, roots, and 
sometimes animals. Now, you must be forced to own either 
that these productions owed their origin to the sea, or to a 
new creation, which is absurd." 

It is a curious fact, to which, in the passing, I must be 
permitted to call the attention of the reader, that all the 
leading assertors of the development hypothesis have been 
bad geologists. Maillet had for his errors and deficiencies 
the excellent apology that he wrote more than a hundred 
years ago, when the theory of a universal ocean, promul- 
gated by Leibnitz nearly a century earlier, was quite as 
good as any of the other theories of the time, and when 
Geology, as a science, had no existence. And so we do 
not wonder at an ignorance which was simply that of his 
age, when we find him telling his readers that plants mtut 
have originated in the sea, seeing that ** all our habitable 
lands came originally from the sea ;'* meaning, of course, 
by the statement, not at all what the modem geologist 
would mean were he to employ even the same words, but 
simply that there was a time when the universal ocean co- 
vered the whole globe, and that, as the waters gradually di- 
minished, the loftier moimtain summits and higher table- 
lands, in appearing in their new character as islands and 
continents, derived their flora from what, in a universal 
ocean, could be the only possibly existing flora, — that of the 
sea. But what shall we say of the equally profound ignorance 
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manifested by Professor Oken, a living authority, whom we 
find prefacing for the Ray Society, in 1847, the English 
translation of his ** Elements of Physio-philosophy f ' ** The 
first creation of the organic took place," we find him saying, 
" where the first mountain summits projected out of the 
sea, — indeed, without doubt, in India, if the HimcUaya be the 
highest mountain.*^ Here, evidently, in this late age of the 
world, in which Geology does exist as a science, do we find 
the ghost of the universal ocean of Leibnitz walking once 
more, as if it had never been laid. Is there now in all Bri- 
tain even a tyro geologist so unacquainted with geological 
fact as not to know that the richest flora which the globe 
ever saw had existed for myriads of ages, and then, becoming 
extinct, had slept in the fossil state for myriads of ages 
more, ere the highest summits of the Himalayan range rose 
over the surface of the deep ? The Himalayas disturbed, and 
bore up along with them in their upheaval, vast beds of the 
Oolitic system. Belemnites and ammonites have been dug 
out of their sides along the line of perpetual snow, seventeen 
thousand feet over the level of the sea. What in the re- 
cent period form the loftiest mountains of the globe, existed 
as portions of a deep-sea bottom, swum over by the fishes 
and reptiles of the great Secondary period, when what is 
now Scotland had its dark forests of stately pine, — represent- 
ed in the present age of the world by the lignites of Helms- 
dale, Eathie, and Eigg, — and when the plants of a former 
creation lay dead and buried deep beneath, in shales and fire- 
clay, — existing as vast beds of coal, or entombed in solid 
rock, as the brown massy trunks of Granton and Oaigleith. 
And even ere these last existed as living trees, the conifer- 
ous lignite of the Lower Old Red Sandstone found at Cro- 
marty had passed into the fossil state, and lay as a semi- 
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calcareous, semi-bituminous mass, amid perished Dipterians 
and extinct Coecottei, So much for the Greology of the Ger- 
man Professor. And be it remarked, that the achMlUiet in 
this question can be determined bj only the geologist. The 
mere naturalist may indicate from the analogies of his science, 
what possibly might have taken place ; but what really did 
take place, and the true order in which the events occurred, 
it is the part of the geologist to determine. It cannot be out 
of place to remark farther, that geological discovery is in 
no degree responsible for the infidelity of the development 
hypothesis ; seeing that, in the first place, the hypothesis 
is greaUy more ancient than the ditooverieSf and, in the second^ 
that its more prominent assertors are exaetiy the men who know 
least of geological foot. But to this special point I shall again 
refer. 

The author of the ** Vestiges" is at one, regarding the sup- 
posed marine cHrigin of terrestrial plants, with Maillet and 
Oken ; and he regards the theory, we find him stating in his 
*' Explanations," as the true key to the well-established fact, 
that the vegetation of groupes of islands generally corre- 
sponds with that of the larger masses of land in their neigh- 
bourhood. Marine plants of the same kinds crept out of the 
sea, it would seem, upon the islands on the one hand, and 
upon the larger masses of land on the other, and thus pro- 
duced the same flora in each ; just as tadpoles, after passing 
their transition state, creep out of their canal or river on the 
opposite banks, and thus give to the fields or meadows on the 
right-hand side a supply of frogs, of the same appearance 
and size as those poured out upon the fields and meadows of 
the left. " Thus, for example," we find him saying, " the 
Galapagos exhibit general characters in common with South 
America ; and the Cape de Verd islands, with Africa. They 
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are, in Mr Darwin's happy phrase, satellites to thosecontinents, 
in respect of natural history. Again," he continues, ** when 
masses of land are only divided from each other by narrow seas, 
there is usually a community of forms. The European and 
African shores of the Mediterranean present an example. 
Our own islands afford another of far higher value. It appears 
that the flora of Ireland and Great Britain is various, or 
rather that we have five floras or distinct sets of plants, and 
that each of these is partaken of by a portion of the opposite 
continent. There are, first, a flora confined to the west of 
Ireland, and imparted likewise to the n<n*th-west of Spain ; 
second, a flora m the south-west promontory of England and 
of Ireland, extending across the Channel to the north-west 
coast of France ; third, one conmion to the south-east of Eng- 
land and north of France ; fourth, an Alpine flora developed 
in the Scottish and WeL^ Highlands, and intimately related 
to that of the Norwegian Alps ; fifth,-a flora which prevails 
over a large part of England and Ireland, ' mingled with 
other floras, and diminishing slightly as we proceed west- 
ward :' this bears intimate relation with the flora of Grer- 
many. Facts so remarkable would force the meanest fact- 
collector or species-demonstrator into generalization. The 
really ingenious man who lately brought them under notice 
(Professor Edward Forbes) could only surmise, as their ex- 
planation, that the spaces now occupied by the intermediate 
seas must have been dry land at the time when these floras 
were created. In that case, either the original arrangement 
of the floras, or the selection of land for submergence, must 
have been apposite to the case in a degree for from usual. 
The necessity for a simpler cause is obvious, and it is found 
in the hypothesis of a spread of terrestrial wgetoHanfirom the sea 
into the lands adjacent. The community of forms in the various 
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regions opposed to each other merely indicateB a distinct 
marine creation in each of the oceanic areas respectively 
interposed, and which would naturally advance into the 
lands nearest to it, as fiir as circumstances of soil and cli- 
mate were found agreeable." 

Such, regarding the origin of terrestrial vegetation, are 
the views of Maillet, Oken, and the author of the ** Ves- 
tiges." They all agree in holding that the plants of the 
land existed in their first condition as weeds of the sea. 

Let me request the reader, at this stage, ere we pass on to 
the consideration of the experience-ai^gument, to remark a 
few incidental, but by no means unimportant, consequences 
of the belief. And, first, let him weigh for a moment the 
comparative demands on his credulity of the theory by which 
Professor Forbes accounts for the various floras of the Bri- 
tish Islands, and that hypothesis of transmutation which 
the author of the ^ Vestiges" would so fain put in its place, as 
greatly more simple, and, of course, more in accordance with 
the principles of human belief. In order to the reception of 
the Professor's theory, it is necessary to hold, in the first place, 
that the creation of each species of plant took place, not by 
repetition of production in various widely-separated cen- 
tres, but in some single centre, from which the species pro- 
pagated itself by seed, bud, or scion, across the special area 
which it is now found to occupy. And this, in the first in- 
stance, is of course as much an assumption as any of those 
assumed numbers or assumed lines with which, in algebra 
and the mathematics, it is necessary in so many calculations 
to set out, in quest of some required number or line, which, 
without the assistance of the assumed ones, we might de- 
spair of ever finding. But the assumption is in itself neither 
unnatural nor violent ; there are various very remarkable ana- 
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logies which lend it support ; the iitcts which seem least to 
harmonize with it are not wholly irreconcileable, and are, 
besides, of a merely exceptional character; and, further, it 
has been adopted by botanists of the highest standing.* It 



* The following digest, from Professor Balfour's very admir- 
able " Manual of Botany," of what is held on this curious sub- 
ject, may be not unacceptable to the reader. " It is an interesting 
question to determine the mode in which the various species and 
tribes of plants were originally scattered over the globe. Vari- 
ous hypotheses have been advanced on the subject. Linnaeus en- 
tertained the opinion that there was at first only one primitive 
centre of vegetation, from which plants were distributed over the 
globe. Some, avoiding all discussions and difficulties, suppose 
that plants were produced at first in the localities where they are 
now seen vegetating. Others think that each species of plant 
originated in, and was diffused from, a single primitive centre ; and 
that there were numerous such centres situated in different parts 
of the world, each centre being the seat of a particular number 
of species. They thus admit great vegetable migrations, similar to 
those of the human races. Those who adopt the latter view re- 
cognise in the distribution of plants some of the last revolutions 
of our planet, and the action of numerous and varied forces, 
which impede or favour the dissemination of vegetables in the 
present day. They endeavour to ascertain the primitive flora of 
countries, and to trace the vegetable migrations which have taken 
place. Daubeny says, that analogy favours the supposition that 
each species of plant was originally formed in some particular 
locality, whence it spread itself gradually over a certain area, 
rather than that the earth was at once, by the fiat of the Al- 
mighty, covered with vegetation in the manner we at present be- 
hold it. The human race rose from a single pair ; and the distri- 
bution of plants and animals over a certain definite area would 
seem to imply that the same was the general law. Analogy 
would lead' us to believe that the extension of species over the 
earth originally took place on the same plan on which it is con- 
ducted at present, when a new island starts up in the midst of 
the ocean, produced either by a coral reef or a volcano. In these 
cases the whole surface is not at once overspread with plants, but 
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is necessary to hold, in the second place, in order to the re- 
ception of the theory, that the area of the earth's surface 
occupied by the British islands and the neighbouring coasts 
of the Ck>ntinent once stood fifty fathoms higher, in relation 
to .the existing sea-level, than it does now, — ^a belief which, 
whatever its specific grounds or standing in this particular 
case, is at least in strict accordance with the general geologi- 
cal phenomena of subsidence and elevation, and which, so far 
from outraging any experience founded on observation or 
testimony, runs in the same track with what is known of 
wide areas now in the course of sinking, like that on the 
Italian coast, in which the Bay of BaisB and the ruins of the 
temple of Serapis occur, or that in Asia, which includes the 
Run of Cutch ; or of what is known of areas in the course of 
rising, like part of the coast of Sweden, or part of the coast 
of South America, or in Asia along the western shores of 
Aracan. Whereas, in order to close with the simpler an- 
tagonistic belief of the author of the '' Vestiges,*' it is ne- 
cessary to hold, oontrcMry to all experience, that dulee and 
hen-tDore* became, through a very wonderful metamorphosis, 
cabbage and spinnage ; that kelp-weed and tangle bour- 
geoned into oaks and willows ; and that slcusk, rope-vpeed, and 
green-raWff shot up into mangel-wurzel, rye-grass, and clover. 
Simple, certainly ! An infidel on terms such as these could 
with no propriety be regarded as an unbeliever. It is well 



a gradual progress of yegetation is traced from the accidental in- 
troduction of a single seed, perhaps, of each species, wafted by 
winds or floated by currents. The remarkable limitation of cer- 
tain species to single spots on the globe seems to favour the sup- 
position of specific centres." 

* RhodymetUa paUnata and Alaria esctUenta, 

t Porphyra laeimcaa. Chorda JUum, and Snteromorpha eamprewa. 
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that the New Testament makes no snch extraordinary de- 
mands on human credulity. 

Let us remark further, at thisstag^, that, judging from the 
generally received geological evidence in the case, very little 
time seems to be allowed by the author of the ^ Vestiges ''.for 
that miraculous process of transmutation through which the 
low algae of our sea-shores are held to have passed into the 
high orders of plants which constitute the prevailing Bri- 
tish flora. The boulder clay, which rises so high along our 
hills, and which, as shown by its inferior position on the lower 
groimds, is decidedly the most ancient of the country's su- 
perficial deposits, is yet so modem, geologically, that it con- 
tains only recent shells. It belongs to that cold, glacial, 
post-Tertiary period, in which what is now Britain exist- 
ed as a few groupes of insulated hill-tops, bearing the semi- 
arctic vegetation of our fourth flora, — that true Cdtie flora of 
the country which we now find, like the country's Celtic races 
of our own species, cooped up among the mountains. The 
fifth or Germanic flora must have been introduced, it is held, 
at a later period, when the climate had greatly meliorated. 
And if we are to hold that the plants of this last flora were 
developed from sea- weed, not propagated across a continuity of 
land from the original centre in Grermany, or borne by cur- 
rents from the mouths of the Grermanic rivers, — the theory 
of Mon. C. Martins, — then must we also hold that that de- 
velopment took place since the times of the boulder clay, 
and that fucoids and oonfervaB became dicotyledonous and 
monocotyledonous plants during a brief period, in which the 
Purpura lapUlui and TurriteUa ter^a did not alter a single 
whorl, and the Cyprwa Idandica and AttovrU Borealis retained 
unchanged each minute projection of their hinges, and each 
nicer peculiarity of their muscular impressions. CretUion 
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would be greatly less wonderful than a sudden transmuta- 
tive process such as this, restricted in its operation to groupes 
of English, Irish, and Manx plants, identical with groupes in 
Grermany, when all the various organisms around them, such 
as our sea-shells, continued to be exactly what they had 
been for ages before. A process of development from the 
lowest to the highest forms, rigidly restricted to the flora of 
a country, would be simply the miracle of Jonah's gourd se- 
veral thousand times repeated. 

I must here indulge in a few remarks more, which, though 
they may seem of an incidental character, have a direct bear- 
ing on the general subject. The geologist infers, in all his 
reasonings founded on fossils, that a race or species has ex- 
isted from some one certain point in the scale to some other 
certain point, if he find it occurring at both points together. 
He infers on this principle, for instance, that the boulder 
clay, which contains only recent shells, belongs to the reoent 
or post-Tertiary period ; and that the Oolite and Lias, 
which contain no recent shells, represent a period whose ex- 
istences have all become extinct. And all experience serves 
to show that his principle is a sound one. In creation there 
are many species linked together, from their degree of simi- 
larity, by the generic tie ; but no perfect verisimilitude obtains 
among them, unless hereditarily derived from the one, two, or 
more individuals, of contemporary origin, with which the race 
began. True, there are some races that have spread over 
verv wide circles, — the circle of the human family has become 
identical with that of the globe ; and there are certain plants 
and animals that, from peculiar powers of adaptation to the 
varieties of soil and climate, — mayhap also from the tenacious 
vitality of their seeds, and their ^EM^ilities of transport by na- 
fiiral means, — are likewise diffused very widely. There are 
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plants, too, such as the common nettle and some of the ordi- 
nary grasses, which accompany civilized man all over the 
globe, he scarce knows how, and spring up unbidden where- 
ever he fixes his habitation. He, besides, carries with him 
the common agricultural weeds : there are localities in the 
United States, says Sir Charles Lyell, where these exotics out- 
number the native plants ; but these are exceptions to the 
prevailing economy of distribution; and the circles of species 
generally are comparatively limited and well defined. The 
mountains of the southern hemisphere have, like those of 
Switzerland and the Scotch Highlands, their forests of coni- 
ferous trees ; but they furnish no Swiss pines or Scotch firs ; 
nor do the coasts of New Zealand or Van Dieman's Land 
supply the European shells or fish. True, there may be 
much to puzzle in the identity of what may be termed the 
exceptional plants, equally indigenous, apparently, in circles 
widely separated by space. It has been estimated that there 
exist about a hundred thousand vegetable species, and of these, 
thirty Antarctic forms have been recognised by Dr Hooker 
as identical with European ones. Had Robinson Crusoe failed 
to remember that he had shaken the old corn-bag where he 
found the wheat and barley ears springing up on his island, 
he might have held that he had discovered a new centre of 
the European ceralia. And the process analogous to the 
shaking of the bag is frequently a process not to be remem- 
bered. There are several minute lochans in the Hebrides 
and the west of Ireland in which there occurs a small plant 
of the cord-rush family iErioeaulon Septangulao'e), which, 
though common in America, is nowhere to be foimd on the 
European Continent. It is the only British plant which be- 
longs to no other part of Europe. How was it transported 
across the Atlantic ? Entangled, mayhap, in the form of 
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a single seed, — for its seeds are exceedingly light and small, 
— in the plumage of some water-fowl, free of both sea 
and lake, it had been carried in the germ from the weed- 
skirted edge of some American swamp or mere, to some 
mossy lochan of Connaught or of Skye ; and one such seed 
transported by one such accident, unique in its occurrence 
in thousands of years, would be quite sufficient to puzzle 
all the botanists for ever after. I have seen the seed of one 
of our Scotch grasses, that had been originally caught in the 
matted fleece of a sheep reared among the hills of Suther- 
land, and then wrought into a coarse, ill-dressed woollen 
cloth, carried about for months in a piece of underclothing. 
It might have gone over half the globe in that time, and, when 
cast away with the worn vestment, might have originated a 
new circle for its species in South America or New Holland. 
There are seeds specially contrived by the Great Designer 
to be carried far from their original habitats in the coats of 
animals, — ^a mode which admits of transport to much greater 
distances than the mode, also extensively operative, of consign- 
ing them for conveyance to their stomachs ; and when we 
see the work in its effects, we are puzzled by the want of 
a record of an emigratory process, of which, in the circum- 
stances, no record could possibly exist. Unable to make out 
a case for the ^ shaking of the bag," we bethink us, in the 
emergency, of repetition of creation. But in circles sepa- 
rated by time, not space, — by timef across whose dim gulfs 
no voyager sails and no bird flies, and over which there are 
no means of transport from the point where a race once fails, 
to any other point in the future, — we find up repetition of 
species. If the production of perfect duplicates or tripli- 
cates in independent centres were a law of nature, our works 
of physical science could scarce fail to tell us of identical 
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species found occurring in widely-separated systems^ — Scotch 
firs and larches, for instance, among the lignites of the Lias, 
or Cyprina Ida/ndioa and (Mrea edulii among the shells of 
the Mountain Limestone. But never yet has the geologist 
found in his systems or formations any such evidence as facts 
such as these might be legitimately held to furnish, of the 
independent de novo production of individual members of 
any single species. On the contrary, the evidence lies so en- 
tirely the other way, that he reasons on the existence of a 
family relation obtaining between all the members of each 
species, as one of his best established principles. If mem- 
bers of the same species may exist through de novo produc- 
tion, without hereditary relationship, so thoroughly, in con- 
sequence, does the fabric of geological reasoning fall to the 
ground, that we find ourselves incapacitated from regarding 
even the bed of common cockle or mussel shells, which we 
find lying a few feet from the surface on our raised beaches, 
as of the existing creation at all. Nay, even the human re- 
mains of our moors may have belonged, if our principle of 
relationship in each species be not a true one, to some for- 
mer creation, cut off from that to which we ourselves belong, 
by a wide period of death. All palseontological reasoning is 
at an end for ever, if identical species can originate in in- 
dependent centres, widely separated from each other by pe- 
riods of time ; and if they fail to originate in periods sepa- 
rated by time, how or why in centres separated by space ! 

Let the reader remark further, the bearing of those facts 
from which this principle of geological reasoning has been 
derived, on the development hypothesis. We find species 
restricted to circles and periods ; and though stragglers are 
occasionally found outside the circle in the existing state 
of things, never are they found beyond their period among 
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the remains of the past. It was profoundly argued by Cu- 
vier, that life could not possibly have had a chemical origin. 
^ In fact," we find him remarking, ** life exercising upon the 
elements which at every instant form part of the living body, 
and upon those which it attracts to it, an action contrary t4> 
that which would be produced without it by the usual che- 
mical affinities, it is inconsistent to suppose that it can itself 
be produced by these affinities." And the phenomena of re- 
striction to circle and period testify to the same effect. No- 
thing, on the one hand, can be more various in character and 
aspect than the organized existences of the various circles 
and periods ; nothing more invariable, on the other, than the 
results of chemical or electrical experiment. And yet, to use 
almost the words of Cuvier, ** we know of no other power in 
nature capable of re-uniting previously separated molecules," 
than the electric and the chemical. To these agents^ accord- 
ingly, all the assertors of the development hypothesis have had 
recourse for at least the wig^TwAvM of life. Air, water, earth 
existing as a saline mucus, and an active persistent electri- 
city, are the creative ingredients of Oken. The author of the 
" Vestiges" is rather less explicit on the subject : he simply 
refers to the fact, that the ^ basis of all vegetable and animal 
substances consists of nucleated cells, — that is, of cells having 
granules within them ;" and states that globules of a resem- 
bling character "can be produced in albumen by electri- 
city ;" and that though albumen itself has not yet been pro- 
duced by artificial means, — the only step in the process of 
creation which is wanting, — it is yet known to be a chemical 
composition, the mode of whose production may "be any 
day discovered in the laboratory." Further, he adopts, as 
part of the foundation of his hypothesis, the pseudo-experi- 
ment of Mr Weekes, who holds that out of certain saline 
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preparations, acted upon by electricity, he can produce cer- 
tain living auimalcula of the mite family ; — ^the vital and the 
organized out of the inorganic and the dead. In all such 
cases, electricity, or rather, according to Oken, galvanism, is 
regarded as the vitalizing principle. ^ Organising* says the 
Grerman, ^ is galvanitm residing in a thoroughly homogene- 
ous mass A galvanic pile pounded into atoms 

must become alive. In this manner nature brings forth or- 
ganic bodies.*' I have even heard it seriously asked whether 
electricity be not Grod ! Alas 1 could such a god, limited 
in its capacity of action, like those ^ gods of the plains" in 
which the old Syrian trusted, have wrought, in the character 
of Creator, with a variety of result so endless, that in no geo- 
logic period has repetition taken place ? In all that purports 
to be experiment on the development side of the question, we 
see nothing else save repetition. The Acarus Crostii of Mr 
Weekes is not a new species, but the repetition of an old one, 
which has been long known as the Acartu horridus, a little 
bristle-covered creature of the mite family, that harbours in 
damp comers among the debris of outhouses, and the dust and 
dirt of neglected work-shops and laboratories. Nay, even a 
change in the chemical portion of the experiment by which he 
believed the creature to be produced, failed to secure variety. 
A powerful electric current had been sent, in the first instance, 
through a solution of silicate of potash, and, after a time, the 
Acarus horridus crawled out of the fluid. The current was 
then sent through a solution of nitrate of copper, and, after 
a due space, the Acarus horridus again creeped out. A solu- 
tion of ferro-cyanate of potash was next subjected to the cur- 
rent, and. yet again, and in greater numbers than on the two 
former occasions, there appeared, as in virtue, it would seem, 
of its extraordinary appetency, to be the same ever-recur- 
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ring Aoarus horridus. How, or in what form, the little crea- 
ture should have been introduced into the several experi- 
ments, it is not the part of those who question their legiti- 
macy to explain : it is enough for us to know, that indivi- 
duals of the family to which the Aearus belongs are so re- 
markable for their powers of life, even in their fully developed 
state, as to resist, tor a time, the application of boiling water, 
and to live long in alcohol. We know, further, that the 
germs of the lower animals are greatly more tenacious of vi- 
tality than the animals themselves; and that they may exist 
in their state of embryoism in the most unthought of and 
elusive forms ; nay, — ^as the recent discoveries regarding al- 
terations of generation have conclusively shown, — that the 
germ which produced the parent may be wholly unlike the 
germ that produces its offspring, and yet identical with that 
which produced the parent's parent. Save on the theory of 
a quiescent vitality, maintained by seeds for centuries within 
a few inches of the earth's surface, we know not how a layer of 
shell, sand, or marl, spread over the bleak moors of Harris, 
should produce crops of white clover, where only heath had 
grown before ; nor how brakes of doddered furze burnt down 
on the slopes of the Cromarty Sutors should be so frequently 
succeeded by thickets of raspberry. We are not, however, 
to give up the unknown, — that illimitable province in which 
science discovers, — to be a wild region of dream, in which 
fantasy may invent. There are many dark places in the 
field of human knowledge which even the researches of ages 
may fail wholly to enlighten ; but no one derives a right 
from that circumstance to people them with chimeras and 
phantoms. They belong to the philosophers of the future, — 
not to the visionaries of the present. But while it is not our 
part to explain hoa, in the experiments of Mr Weekes, the 
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chain of life from life has been maintained onbroken, we 
can moet conclusively show, that that world of organizifd 
existence of which we ourselves form part, is, and ever has 
been, a world, not of tame repetition, but of endless variety. 
It is palpably not a world of AearidoB of one species, nor 
yet of creatures developed from these, under those electric 
or chemical laws of which the grand characteristic is inva- 
riability of result. The vast variety of its existences speak 
not of the operation of untarying lam, that represent, in their 
uniformity of result, the unchangeableness of the Divinity, 
but of ereaitive acts, that exemplify the infinity of His re- 
sources. 

Let the reader yet farther remark, if he has followed me 
through these preliminary observations, what is really in- 
volved in the hypothesis of the author of the ** Vestiges,** re- 
garding the various floras common to the British islands and 
the Continent. If it was upon his scheme that England, Ire- 
land, and the mainland of Europe came to possess an identi- 
cal flora, production de novo and by repetition of the Mime spe- 
cies must have taken place in thousands of instanccw along 
the shores of each island and of the mainland. His hypo- 
thesis demands that the sea-weed on the coast of Ireland 
should have been developed, flrst through lower, and th<^ 
higher forms, into thousands of terrestrial plants^— that ex- 
actly the same process of development from sea-w(H;d into 
terrestrial plants of the same species should have taken 
place on the coast of England, and again on the coasts of 
the Continent generally, — and that identically the Manie 
vegetation should have been originated in this way in at 
least three great centres. And if plants of the same sp4}- 
cies could have had three distinct centres of organization 
and development, why not three hundred, or three thou- 
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sand, or three hundred thousand ? Nor will it do to attempt 
escaping from the difficulty, by alleging that there is the 
groundwork in the case of at least a common marine ve- 
getation to start from ; and that thus, if we have not pro- 
perly the existence of the direct hereditary tie among the 
various individuals of each species, we may yet recognise at 
least a sort of collateral relationship among them, derived 
from the relationship of their marine ancestry. For rela- 
tionship, in even the primary stage, the author of the ** Ves- 
tiges" virtually repudiates, by adopting, as one of the foun- 
dations of his hypothesis, with, of course, all the legitimate 
consequences, the experiments of Mr Weekes. The ani- 
malculsB-making process is instanced as representative of the 
first stage of being, — that in which dead inorganic matter 
assumes vitality ; and it corresponds, in the zoological 
branch, to the production of a low marine vegetation in the 
phytological one. A certain semi-chemical, semi-electrical 
process, originates, time after time, certain numerous low 
forms of life, identical in species, but connected by no tie of 
relationship : such is the presumed result of the Weekes ex- 
periment. A certain farther process of development ma- 
tures low forms of life, thus originated, into higher species, 
also identical, and also wholly unconnected by the family 
tie : such are the consequences legitimately involved in that 
island- vegetation theory promulgated by the author of the 
" Vestiges." And be it remembered, that Mr Weekes' pro- 
cess, so far as it is simply electrical and chemical, is a process 
whioh is as capable of having been gone through in all times 
and all places, as that other process of strewing marl upon a 
moor, through which certain rustic experimenters have held 
that they produced white clover. It could have been gone 
through during the Carboniferous or the Silurian period; for 



OP THE LAMARCKIAN HYPOTHESIS. 237 

all truly chemical and electrical experiments would have re- 
sulted in manifestations of the same phenomena then as 
now ; — an acid would have eflFervesced as freely with an al- 
kali ; and each fibre of an electrified feather, — had feathers 
^then existed, — would have stood out as decidedly apart from 
all its neighbours. We must therefore hold, if we believe 
with the author of the ** Vestiges," first, from the Weekes 
experiment, that in all times, and in all places, every 
centre of a certain chemical and electric action would have 
become a new centre of creation to certain recent species of 
low, but not wry low, organization ; and, second, from his 
doctrine regarding the identity of the British and Continental 
floras, that in the course of subsequent development from 
these low forms, the process in each of many widely-sepa- 
rated centres, — widely separated both by space and time, — 
would be so nicely correspondent with the process in all 
the others, that the same higher recent forms would be ma- 
tured in all. And to doctrines such as these, the experience 
of all Greologists, all Phytologists, all Zoologists, is diametri- 
cally opposed. If these doctrines be true, their sciences are 
false in their facts, and idle and unfounded in their prin- 
ciples. 
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THE TWO FLORAS, MARINE AND TERRESTRIAL. 



BEARING OF THE EXPERIENCE ARGUMENT. 



Is the reader acquainted with the graphic verse, and scarce 
less graphic prose, in which Crabbe describes the appear- 
ances presented by a terrestrial vegetation affected by the 
waters of the sea ? In both passages, as in all his purely 
descriptive writings, there is a solidity of truthful observa- 
tion exhibited, which triumphs over their general home- 
liness of vein. 

" On either side 
Is level fen, a prospect wild and wide, 
With dykes on either hand, by ocean self-supplied. 
Far on the right the distant sea is seen, 
And salt the springs that feed the raarsh between ; 
Beneath an ancient bridge the straitened flood 
Rolls through its sloping banks of slimy raud ; 
Near it a sunken boat resists the tide, 
That frets and hurries to the opposing side ; 
The rushes sharp, that on the borders grow. 
Bend their brown florets to the stream below, 
Impure in all its course, in all its progress slow. 
Here a grave Flora scarcely deigns to bloom, 
Nor wears a rosy blush, nor sheds perfume. 
The few dull flowers that o'er the place are spread. 
Partake the nature of their fenny bed; 
Here on its wiry stem, in rigid bloom. 
Grows the salt lavender, that lacks perfume : 
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Here the dwarf sallows creep, the septfoil harsh, 
And the soft slimy mallow of the marsh. 
Low on the ear the distant billows sound, 
And just in view appears their stony bound.' 



t* 



** The ditches of a fen so near the ocean," says the poet, in 
the note which accompanies this passage, ^ are lined with 
irreg^ar patches of a coarse-stained layer ; a muddy sedi- 
ment rests on the horse-tail and other perennial herbs which 
in part conceal the shallowness of the stream ; a fat-leaved, 
pale-flowering scurvy-grass appears early in the year, and 
the razor-edged bullrush in the summer and autumn. The 
fen itself has a dark and saline herbage : there are rushes 
and ctrrow-hecui ; and in a few patches the flakes of the cot- 
ton-grass are seen, but more commonly the sea-cuter, the dull- 
est of that numerous and hardy genus ; a thr^y blue in 
flower, but withering, and remaining withered till the win- 
ter scatters it ; the salt-wort, both simple and shrubby ; a few 
kinds of grass changed by the soil and atmosphere ; and low 
plants of two or three denominations, undistinguished in the 
general view of scenery ; — such is the vegetation of the fen 
where it is at a small distance from the ocean.*' 

And such are the descriptions of Crabbe, at once a poet 
and a botanist. In referring to the blue tint exhibited in 
salt fens by the pink-coloured flower of the thrift (Statice 
Armeria), he might have added, that the general green of 
the terrestrial vegetation likewise assumes, when subjected 
to those modified marine influences under which plants of the 
land can continue to live, a decided tinge of blue. It is further 
noticeable, that the general brown of at least the larger algse 
presents, as they creep upwards upon the beach to meet with 
these, a marked tinge of yellow. The prevailing brown of 
the one flora approximates towards yellow, — the prevailing 
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green of the other towards blue ; and thus, instead of mu- 
tually merging into some neutral tint, they assume at their 
line of meeting directly antagonistic hues. 

But what does experience say regarding the transrautative 
conversion of a marine into a terrestrial vegetation, — that 
experience on which the sceptic founds so much f As I 
walked along the green edge of the Lake of Stennis, selvaged 
by the line of detached weeds with which a recent gale had 
strewed its shores, and marked that for the first few miles 
the accumulation consisted of marine algse, here and there 
mixed with tufts of stunted reeds or rushes, and that as I re- 
ceded from the sea it was the algee that became stunted and 
dwarfish, and that the reeds, aquatic grasses, and rushes, 
grown greatly more bulky in the mass, were also more fully 
developed individually, till at length the marine vegetation 
altogether disappeared, and the vegetable debris of the shore 
became purely lacustrine, — I asked myself whether here, if 
anywhere, a transition flora between lake and sea ought not to 
be found ? For many thousand years ere the tall gray obelisks 
of Stennis, whose forms I saw this morning reflected in the 
water, had been torn from the quarry, or laid down in mys- 
tic circle on their flat promontories, had this lake admitted 
the waters of the sea, and been salt in its lower reaches and 
fresh in its higher. And during this protracted period had 
its quiet, well-sheltered bottom been exposed to no disturb- 
ing influences through which the delicate process of trans- 
mutation could have been marred or arrested. Here, then, 
if in any circumstances, ought we to have had, in the broad 
piTmanently brackish reaches, at least indications of a vege- 
tation intermediate in its nature between the monocotyle- 
dons of the lake and the algae of the sea ; and yet not a 
vestige of such an intermediate vegetation could I find 
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among the up-piled debris of the mix.ed floras, 
iBCEutrine. The lake poaaeBses no such intermudiate vege- 
tation. As the water freshens in its middle reaches, the 
algie become dwariiah and ill-developed ; one specieB after 
another eeasos to appear, as the habitat becomes wholly un- 
favourable to it ; until at length we End, instead of the 
brown, rootless, ilowerleBS fiicoidsand confervce of the ocean, 
the green, rooted, flower-bearing flags, rushes, and aquatic 
grasses of the fresh water. Many thousands of years have 
ioiled to originate a single iutermediatu plant. And such, 
tested by a singularly extensive experience, is the general 
evidence. 

There is Bcarce a cbain-length of the shores of Britain and 
Ireland that has not been a hundred and a hundred times 
explored by the botanist, — keen to collect and prompt to re- 
gister every rarity of the vegetable kiugdoiii ; but has he ever 
yet succeeded in transferring to his herbarium a single plant 
canght in the transition state ! Nay, are there any of the 
lawBunderwhich the vegetable kingdom exists better known 
than those laws which fix certain species of the algie to cer- 
tain zones of coast, in which each, according to the overlying 
depth of water and the nature of the bottom, finds the only 
habitat in which it can exist ! The rough-stemmed tangle 
( Lamimiria digticOa J can exist no higher on the shore than 
the low line of ebb during stream-tides ; the smooth-stemmed 
tangle fLamisaria niccharinaj flourishes along an inner belt, 
partially uncovered during the ebbs of the larger neaps ; 
the forked and cracker kelp- weeds f Faevi temUui and Fiumi 
nodomu I thrive in a zone still less deeply covered by watei', 
and which even the lower neaps expose. And at least one 
other species of kelp-weed, the Fueut tanculoaui, occurs in a 
zone higher still, though, as it creeps upwards on the rocky 
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beach, it loses iM characteristic bladdera, and bircomes sbort 
and narrow of frond. The thick brown tuftH of Facui eanaii- 
aUatta, which in the lower and middle reaches of the Lake 
of Stennia t found hc'a^d iip in great abundance along the 
ahores, also rises high on rocky beaches, — so high in some 
instances, that doHog neap-tides it remains uncovered bj 
the water for days together. If, ss is not nncummon, there 
be an escape of land-springs along the heuch, there may be 
found, where the freith water oozes out through the sand 
and gravel, an upper terminal zone of the confervie, chiefly 
of a green colour, mixed with the ribbon-like green laver 
( Ulm latiainuij, the purplish-brown laver f Porjihi/ra laei- 
niata), and atill more largely with the green silliy Ente- 
romorpba f E. amqirataj.' And (hen, decidedly within 
the line of the stomi-beaches of winter, — not unfrequent- 
ly in tow sheltered baja, such as the Bay of UdaJe or of 
Nigg, where the ripple of every higher flood washes, — WB 
may find the vegetation of the laud, — represented by the 
sentinels and picquets of its outposts,— coming down, as if to 
meet with the higher-growing plants of the sea. In salt 
marshes the two vegetations may be seen, if I may bo ex- 
press myself, doreiaiied together at their edges,— at least ana 
species of club-rush fSeirpiu niartCiniiu>andthe common salt- 
wort and glasswort fSaUola kail and Saiicurnia proetmi/ientj 
encroaching so far upon the sea as to mingle with a thinly- 



• "Dr 


Selll 


moDli. 


»ns." says the 


Re<, Hr Ln 






und 


Turjii 


ilereBting " Historj of BriUah SB»-Weedi," 


" th»t on 




ahorel 


1 «lg» g«niirB 


LlljOMUpjl 


ones In the follow- 


ing order 


.l«Bh 






U,r:-^Ffil«n 


>,'^.w»t(Mtwand 


tHjIwtHl,' 


F.M 


jilatu. 


. laecAarinu., 





I 



w and iitrimlam 1 F. autalicui-tlui ; and, last uf a! 



which is saUafiad If 



L be within naob of the spra^.*' 



•nattered and sorely-diminished tncus, — that bladderless va- 
riety of the Fuoat rencaiona to which I have already referred, 
and which may he detected in such localitiea, shooting forth 
its minute broivn fronds from the pebbles. On rocky coasts, 
where springs of fresh water coma tJnckling down along the 
ftasures of the precipices, the observer may see a variety of 
IHodoHieiiia palmat'i, — thi! fresh-water dulse of the Moray 
Frith, — creeping upwards from the lower limits of produc- 
tion, till just where the common gray halanns cessos to 
grow. And there, short and thick, and of a bleached yel- 
low hue, if ceases also ; but one of the commc 
confervie,— the CoB/tma amta, blent with a dwarfed En- 
ItroTiiarpha, — Commencing a very little hetow where the 
dulse ends, and taking its place, clothes over the runnels 
with ita covering of green for several feet higher : in some 
cases, where it is frequently washed hy the upward dash of 
the waves, it rises above even the flood-line ; and in some 
crevice of the rock beside it, often as low as its upper edge, 
we may detect stunted tufts of the sea-pink or of the scurvy- 
grass. But while there is thos a vegetation intermediate in 
place between the land and the sea, we find, as if it had been 
selected purposely to confound the transmutation theory, 
that it is in no degree intermediate in character. For, while 
it is chiefly marine weeds of the lowerdivisionof the oonfer- 
vie that creep upwards from the sea to meet the vegeta- 
tion of the land, it is chiefly terrestrial plants of the higher 
division of the dicotyledons that creep downwards from the 
land to meet the vegetation of the sea. The salt-worts, the 
glass-worts, the arenaria, the thrift, and the scurvy graas, are 
all dicotyledonous plants. Nature draws a deeply-marked 
line of division where the requirements of the tninsmutative 
hypothesis would demand the nicely graduated softness of a 




nhiuted uoe ; and, addregdng the strongly marked floras on* 
either hand, ercu more sternly than the waves themselves 
demands that to a certain dejimte bourne should thej com^. 
and no forther. 

But in what form, it may be asked, or with what limita- 
tions, ought the Christian controversialist to avail himself, in 
this question, of the experieuce argument t Much ought to 
depend, I reply, on the position taken up by the opposite 
side. We find no direct reference made by the aatbor of 
tlie " Vestiges" to the anti-miracle Hrgnment, first broached 
by llumc, in a purely metaphysical shape, in his well-knowB 
** Inquiry," and afterwards thrown into the algebraic form bj, 
liL Plnce, in his Eaai Philomphiqtu mr les ProMAliiet. But' 
we do detect its influences operative throughout the entir*,-] 
work. It is because of some felt impracticability on the part 
of its author, of attaining to the prevailing belief in the 
of creatiim, thut he has recourse, instead, to the so-called lalt: 
of development. The lam and the mirade are the altemati' 
placed before him ; and, rejecting the mirade, he closes wi^b 
the toie. Now, in such circumstances, lie can have no 
cause of complaint, if, presenting him with the experiemM' 
argument of Hume and La I'Lice, we demand that he square 
the evidence regarding the existence of his law strictly ac- 
cording to its requirements, than the soldier of on army that 
charged its field-pieces with rusty nails would have cause oC 
complaint if ho tbuud himself wounded by a missile of a ai- 
inilor kind, sent agunst him by the artillery of the enemy. 
You cannot, it might be fairly said, in addressing him, 
quiescc in the miracle here, because, as a violutiou of the law*, 
of nature, there are certain objections, founded on invariabla, 
experience, which bear direct against your belief iu it, Well^, 
jljere ore the objections, in tlie strongest fonn in which ther. 
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bave yet been stated ; and liere is your b^rpotlieBii; reapectin|r 
the development of marine algte into terrestrial plants. We 
liold tbat against that hypothesis the objectiona bear at least 
BM directly as against any miracle whatever, — -nay, tbat not only 
is it contmr)' to an invariable experience, but opposed also to 
all testimony. We regard it as a mereidlt- dream. Mdllet 
dreamed it, — and Lamarck dreamed it, — and Oken dreamed 
it ; but none of them did more than merely dream it ; its ex- 
istence rests on exactly the same basis of evidence as that of 
Whang the miller's " monstrous pot of gold and diamonds," 
of which he dreamed three nights in saccesaion, but which 
he never succeeded in finding. If we are in error in our esti- 
mate, here is the argument, and here the hypothesis : give 
us, in support of the hypothesis, the amount of evidence, 
founded on a solid experience, which the argument demands. 
But to leave the experience argument in exactly the state 
in which it was left hy Hume and La Place, would be doing 
no real justice to our subject. It is in that state quite suf- 
ficient to establish the fact, that there can be no real escape 
from belief in aett of areatiaa never witnessed by man, to pm- 
oeseei of dtitdops^nt never witnessed by man ; seeing that a 
presumed lavi beyond the cognizance of experience must be 
as certainly rejected, on the principle of the argument, aa a 
presumed tuxTade beyond that cognizance. It places the 
presumed ttic and the presumed minioi! on exactly the same 
level. But there is a palpable fiaw in the anti-miraele argu- 
ment. It does not prove that miracles mnii not Aae; taktn 
plaet, but that miracles, whether they luive taken place or 
no, are rvit to bt ereililtd, and this simply because they are 
miracles, i.e. violations of the established laws of nature. 
And if it be possible for events to take place which man, on 
ciTtain principles, is imperatively required not to credit, 



these principles must of course serve merel}- to e8tiibU»li k 
discrepancy between the actual tl<it« of things, and what is to 
be bdined regarding it. And thus, insti'ad of serving pur> I 
poses of truth, they are made to subserve purpoeeB of el 
for the existence of truth in the mind is neither mon 
less than the existence of certain couceptions and beliefi^ J 
adequately representaUve of what actually ia, or what real^ I 
Am taieii place. 

I canuot better illustrate this direct tendency of the anti- 
miracle argument to destroy truth in the mind, by bringing 
the mental beliefs into a state of non conformity with the 
possible and actual, than by a, quotation from La Place him- 
self; — "We would not," he Ba,y8, "give credit lo a man 
who would affirm that he saw ahundred dice thrown into the 
air, and that they all fell on the same faces. If we had our- 
selves been spcsctators of such an event, we would not be- 
lieve oar own eyes till we hod scrupulously examined all 
the eircumstances, and aasored ourselves that there w 
triok or deception. After such an examination, wc would ■ 
not hesitate to admit it, notwithstanding its great improb»- I 
bility : and no one would hare recourse to an inve 
uf the laws of vision in order to account for it." Now, ! 
here is the principle broadly laid down, that it is impossible 1 
to conununicate by the evidence of testimony, belief it 
event which mii/hl happen, and which, if it happened, <mg^ on J 
certain conditions Co be credited. No one knew better than ] 
La Place himself, that the putniifity of the event which he iii> 1 
stanced could be represented with the utmost exactitude hy I 
figures. TheprobBbility,inthrovriuga single die, that the ace 1 
will be presented on its upper face, is as one in six, — ux beiuf 1 
ntire number of sides which the cube can possibly prtt- | 
ind the side with Uie ace beiuf; one of these ; — the prt 





liability that in thtDwingajwirof dice theacea of both will be 
at once presented on their upper &coa, ia as one in thirty -six, 
as against the one-sixth chance of the ace being presented 
by the one, there are alsosix chances Chat the ace of the other 
should not concur with it ; — and in throwing three dice, the 
probability that their three aces should be at once presented 
is, of course, on the same principle, as one in six times thirty- 
six, or, in otherwords,aa one iu two hundred and sixteen. And 
thus, in ascertaining the exact degree of probability of the 
hundred aces at once turning up, we have to go on multiply- 
ing by six, for each die we add to the number, the product 
of the immediately -pre vions catculation. Unquestionably, 
the number of chances agaimt, thus balanced with the single 
chance fur, would be very great ; but its existence aa a de- 
finite number would establish, with all the force of arithme- 
tical demonstration, the iioiiibUiti/ of the event ; and if an 
eternity wore to be devoted to the throwingintotheur of the 
bnndred dice, it would occur an infinite nntaber o/tana. And 
yet the principle of Hume and I^ Place forms, when adopt- 
ed, an impassable gulf between this possibility and human 
belief. The possibility might be embodied, as we see, in an 
actual occurrence, — an occurrence witnessed by hundreds ; 
and yet the anti-miracle argument, as illustrated by 1a Place, 
would cut off all communication regarding it between these 
hundreds of witnesses, however unexceptionable their cha- 
racter H8 such, and the rest of mankind. The principle, in- 
stead of giving us a right rule through which the beliefs in 
the mind are to be rendered correspondent with the reality 
of things, goes merely to establish a certain imperfection of 
transmission from one mind to another, in consequence of 
which, realities in fact, if very extraordinary ones, could not 
possibly be received as objects of belief, nor the mental ap> 
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preciation of things be rendered Bdeqimtelv 
the state in which the things really existed. 

Not is the cose different when, for a poailiUitg which th« 
arithmetioiiui con represent by figures, we substitnte the Mi- 
i-iuU proper. Neither Hume nor La Place ever e-ttenipted 
to show that miracles could not take plofe ; they merely di- 
rected their argnment a^inst a belief in thera. The wildest 
sceptic must admit, if in any degree a reasonable man, that 
there may exist a God, and that that God tuav have gives 
laws to nature. No dtmonitration of the non-existence of k" 
Great First Cause has been ever yet attempted, 
the knowledge of some sceptic extends over all 
can be lUtionally attempted. Merely to dtnJil the fact of God'* 
existence, and to give reasons for the doubt, must till then, 
form the highest achievements of scepticism. And the Got 
who may thus exist, and who may have given laws tti natur^ 
may also have revealed himself to man, and, in order 
cure man's reasonable belief in the reality of the revelatioi^ 
may have temporHrily suspended in its op^rati 
natural law, and have thus shown himself to be its Author 
and Master. Such seems to be llie philosophy of miraclaw j 
which are thus evidently not only not impossibilities, bi 
even not improbahiliiia. Even were we to permit the soepti 
himself to fix the numbers reprasentativB of those seven 
maya in the case, which I have just repeated, the chanot 
against them, so to speak, wonid be less by many thonsBin 
times than the chances against the hundred dice of Ia Plaoa 
illustration at] turning up aces. The existence of a Gr« 
First Cause is at least as probable, — the sceptic himself bl 
ing judgo in the matter, — as the non-existence of a 
.First Cause ; and so the probability in this first sta^ of tl 
Aiyumeiil, insteAd of being, as in the case of the single di 
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onlj one lo six, is as oue to one. Agaio,— in accordance 
with an expectation so general among tbe human family as 
to fonn one of the great instincts of our nature, — an instinct 
to which every form of religion, true or false, Gears evidence, 
— it is in no degree less probable that this God should have 
revealed himself to man, than that he should not have re- 
vealed himself to man ; and here the chances are ^ain OB 
one to one, — uot, as in the second stage of the calculation on 
the dice, as one to thirty-six. Nor, in the third and lo^t stage, 
is it less probable that God, in revealing himself to man, 
should have given miraculous evidence of the truth of the 
revelation, so that nian " migtit believe in Uim for his work's 
sake," than that He should sol have done so ; and here yet 
again the chances are as one to one, — not as one to two hun- 
dred and sixteen. No rational sceptic could fix the chances 
lower ; nay, no rational sceptic, so far as the uUfenoe of a 
Great First Cause is concerned, would be inclined to fix 
them BO low : and yet it is in order to annihilate all belief in 
a possibility against which the chances are so few as to be 
represented — scepticism itself being the actuary in the case 
^by three units, that Hume and La Place have framed their 
argument. Miracles jnoy have taken place, — the probabili- 
tins against them, stated in their most extreme and exag- 
gerated form, are by no means many or strong ; but we are 
nevertheless not to believe that they did take place, ^mply be- 
cause miracles they were. Nov, the effect of the establish- 
ment of a principle such as this would be simply, I repeat, the 
destruction of the ability of transmitting certain beliefs, how- 
ever well fonnded originally, from one set or generation of 
men to another. These beliefs the first set or generation 
might, on La Place's own principles, be compelled 
tain. The evidence of the senses, however wonderful thi 
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event which they certilied, is not, he himself tells us, to be 
reBMted. But the conviction which, on one set of principles, 
these men were on no account to resist, the men that came 
immediately after them were, on quite another set of [irin- 
ciples, on no account to entertain. And thna the anti-miracle 
argmnent, instead of leading, as all true philosophy ought, to 
aa exact correspondenci! between the realities of things and 
the convictions received by the mind regarding them, palp- 
ably forms a bar to the reception of beliefs, adequate to the 
puBiibilities of actual occurrence or event, and so constitutes 
an imperfection or flaw in the mental economy, instead of 
working an improvement. And in accordance with thia m 
view, we find that in the economy of minds of the very h 
est order this imporfection or flaw lis« hod no place, 
studied and wrote upon the subject of miracles proper, a 
exhibited in his " Discourse" all the profuniiity of hi 
ordinary mind ; and yet Locke was a believer, 
studied and wrote on the subject of miraclesof auotherldw^ 
— those of prophecy ; and he also, as shown by his "Ob« 
vations on the Prophecies of Daniel and the Apocalyps 
was a believer. Butler studied and wrote o 
of miracles, chiefly in couneciiun with " Miraculous Reve 
tioD ;" and he also was a believer. Chalmers studied ■» 
wrote on the subject of miracles in his " Evidences," s 
Hume, La Place, and Playlair had all promulgated their p 
cnliar views regarding it ; and he also was a believer. 
in none of the truly distinguished men of the present d 
though all lutimatelj' acquainted with the anti-miracle ai 
mentjislhis flaw or imperfection found toexist ; 
trary, they all hold, as becomes the philosophic intellect w 
character, that whatever is possible may occur, and that w 

ought, oil tUe proper evidence, to be believed. 4 
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But tbough the experience arj^meut is of no roal force, 
and, as shown by the beliiifa of Che higher order of mindB, of 
no real effect, when brought to bear against mintqleB 8u[i- 
ported by the proper testimony, i( it of greut force and effei^t 
when brought to bear, not against mirada, but ag^nst some 
presumed laa. It is experience, and experience only, that 
determines what is or is not law ; and it is law, and law 
only, that constitutes the subject-matter of ordinary ex- 
perience. Experience, in determining what is really mi- 
racle, does so simply through its positive knowledge of law ; 
by knowing law, it knows also what would be a violation of it. 
And so miracle cannot possibly form the subject-matter of 
experience in the sense of Hume. For did miracle consli- 
tute the subject-matter of experience, the law of which the 
miracle was a violation ccvid not .- moat emphatically, in 
thb case, were there "no law" there could be "no trans- 
gression ;" and so exp(nence would be unable to recognise, 
not only the existence ot the law transgressed, but also of 
the miracle, in its character as sucii, which was a trans- 
gression of the law Vde determine from experience that 
there exists a certain fixed law, known among men as the 
law of gravitatiou ; and that, in consequence of this law, if a 
humun creature attempt standing upon the sea, he will sink 
into it; or if he attempt rising from the earth into the heavens, 
lie will rcmmn fixed to the spot on which the attempt is 
made. Such, in these cases, would be the direct effects of 
this gravitation lav; and any presumed law antagonistic in 
its character conld not be other than a law contrary to that 
invariable experience by which the existence of the real law 
in the case is determined. But certain it is, — for the evi- 
dence regarding the tacts cannot be resisted, and hy the 
greater minds has not been resisted, — that a man 4nd once 
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walk upon the sea without sinking into it, and did once 
ascend from the earth into the sky ; and these miraeUt 
ought not to be tested, — and by earnest inquirers after truth 
really never have been tested, — by any experience of the 
uniformity of the law of which they were professed trans- 
gressions, seeing it was essentially and obviously necessai-y 
that, in order to serve the great moral purpose which God 
intended by them, the law which they violated should have 
been a uniform law, and that they should have been palpable 
violations of it. But while the experience argument is thus 
of no value when directed against well-attested mircuslef it is, 
as I have said, all-potent when directed against presumed 
law. Of law we know nothing, I repeat, except what expe- 
rience tells us. A miracle contrary to experience in the 
sense of Hume is simply a miracle ; a presumed law con- 
trary to experience is no law at all. For it is from expe- 
rience, and experience only, that we know anything of na- 
tural law. The argument of Hume and La Place is perfect, 
as such, when directed against the development visions of the 
Lamarckian. 
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THE DEVELOPMENT HYPOTHESIS IN ITS 
EMBBYOTIC STATE. 

OLDER THAN ITS ALLEGED 



When Maillet first pramulgati!(l his hypothesis, many of the 
departmenta of natural liistory existed as mere regtouB of 
fatle and romance ; and, in addressing himself to the Muica- 
diui of Paris, in a popular work as wild and amusing as a 
fairy tale, he could safely take the liberty, and he did take 
it very freely, of exaggerating the marvellous, and adding' 
fresli fictiona to the untrue. And in preparing them for his 
theory of the metamorphoses of a marine into a terrestrial ve- 
getation, he set hiuiBelf, in accordance with his general cha- 
racter, to show that really the trausmutation did not amount 
to much. "I know you have resided a long time," his In- 
dian Pliilosopber is made to say, "at Marseilles. Now, you 
can bear me witnesa, that the fishermen there daily find in 
tlieir nets, and among their fish, plants of a hundred kinds, 
with their fmitsstill npon them ; and thoagh these fruits aro 
not BO large and so well nourished as those of our earlb, yet 
the species of those plants is in no other respect dubious. 
They there find clusters of white and black grapes, peach- 
trees, pear-trees, prune-trees, apple-trees, and all sorts of 
flowers. When in that city, lBaw,in thecabinetof a coiioos 
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gentleman, a. prodigfous number of those Bea-pruductions of 
different qnnlities, eBpeciaU}' of roae-trees, which had their 
roses very red when thej came out of the sea. I was there 



, cluster of blaclc sea-g 
ntftge, and there were I 



a grapes perfectly 



presented « 
time of the v 

Now, all this, and much more of the same nature, ftda 
dressed to the Parisians of the reign of Louis the FifteeathM 
passed, I doubt riot, wonderfully well ; but it will notdonowtf 
when almost every young girl, whether in town or country ,!•« 
botanist,and works on the algie have become popular. BiniM{ 
Maillet wrote, Hume pmmutgated his argument on Miracles, 
and Lb Place his doctrine of Probabilities. There can be 
no doubt that these have exerted a wholesome inflnence on 
the laws of evidence ; and by these laws, as restricted and 
amended,— laws to which, both in science and religion, 
ourselves conform, — we insist on trying the Lamarckian 
pothegis, and in condemning it, — should it be found to hsre- 
neitlier standing in experience nor support from testimonj', 
— ^kS a mere feverish dream, incoherent in its parts and 
baseless in its fabric. Give, we ask, but one well-attested 
instance of transmutation trom the algic to even the lower 
forms of terrestrial vegetation common on our sea-coasts, 
and we will keep the question open, in expectation of more. 
It will not do to tell us,— oh Cuvier was told, when he appeal- 
ed to the fact, determined by the nmmmy birds and reptiles 
of Egypt, of the fixity of species in all, even the slightest par- 
ticulars, for at least three thousand years,— thai immensely ex- 
tended periods of time are necessary t« effect specific changes, 
and that human observation has not been spread over a 
period sufficiently ample to furnish the required data 
garding them. The apology is simply a confession that. 
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theao ages of the severe inductive philosophy, jou have been 
dreaming your dream, cut off, as if hy the state of sleep, from 
all the tangibilitiea of the real waking-daj world, and that 
you have not a vestige of testimony with which to siipport 
your ingenioua vagnriea. 

liut on onothor occouot do we rcfuso to suHtain the ex- 

Bjjread over a, period sufficiently extended to furnish the ne- 
cessary data for testing the development hypothesis. In one 
apeeial walk, — that which bears on the mipposed transmuta- 
CloD ofalgfe into terrestrial plants, — human observation bai 
been spread over what is strictly analogous to mSlioiti of 
years. For extent of space in this matter ia exaetly corre- 
spondent with duration of time. No man, in this late period 
of the world's history, attains to the age of live hundred years; 
and as some of our larger English oaks have been known to 
increase in bulk of trunk and extent of bough for live cen- 
turies together, no man can possibly hare seen the same hnge 
oak pass, according to Cowper, through its various stages of 
" treeship," — 



Of girth enormous, with mos 
Upheaved above the soil, and 
With prominent nenB globoa 

But though no man lives throughout 

time, he can trace, by passing i 

through live hundred yards of space, 

in all its stages of growth, as correctly as 

tlirougliout the five hundred years. 

few hundred yards, may be seen i 

from the newly burst acorn, that presents 
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two fleshy lobes, with the first tender radiments of a leaflet 
betwe(^D, op to the giant of tlie forest, iu the hollow of whose 
traak the red deer maj shelter, and Riid ample room for the 
broad apread of hia antlera. The feet of the development of the 
oak, from the minute two-lobed seedling of a week's growth 
up to llie gigantic tree of five centuries, is as capable of be- 
ing deuioiistrated by obaervation spread over five hundred 
yards of space, aa by observation spread over Ave hundred 
yeurs of time. And be it remembered, that tbe aean^iasts of 
tbe world ore several hundred thousnnd miles in extent- 
Europe is by far the suiallest of the earth's four large divi- 
sions, and it is bounded, in proportion to its size, by a greater 
it of land than any of the others. And yet the sea-coaat« 
of Europe alone, iucludiiig those of its islands, e^cceed twenty- 
five thousand miles. We have results before us, in thia ex- 
tent of space, identical with those of many hundred thousand 
e ; and if terrestrial plants were as certainly 
developments of the low plants of the sea as the huge oak is 
a development of the immature seedling just sprung froiu 
a stretch of sea-coast could not &il to pre- 
sent us with the intermediate vegetation in all its siuges. 
But tbe sea-coasts tail to exhibit even a vestige of the in- 
termediate vcf^etatiou. Experience spread over an extent 
of space analogous to millioUB of years of time, does not fur- 
nish, in this department, a siugle fact curroborative of the 
development theory, but, on tlie contrary, many hundreds of 
fauta that bear directly against it. 

The author of the " Vestiges" is evidently a practised and 
tasteful writer, and his worl; abounds in ingenious combi- 
IS of thought ; but those powers of abstract reflection 
« vigorous Bxcrcise the origination of argument de- 
ns to have denied liiui. Tliere arc two 
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tbiags in especial which hie work wantB, — oniiml ol/terra- 
tiua and abttrael thought, — tho power of ateitig fur liiiiia^lf and 
of rnuoniiii) for himself; aud what we find iDBtesd is simply 
a. vivid appreciation of the iiaaffa of thingB, as these images 
exist in other miiida, and a vigorous perception of the vari- 
uuBsliLulesof resemblance which obtain among them. There 
ia a, large amamit of analogical power exhibited ; but that 
basis of truth which correct observation can alone furnish, 
and that ability of nicely distinguishing differences by which 
the fiiculty of discerning sirailarity mast be for ever regu- 
lated and governed, are wonting, in what, in a mind of fine 
general texture and quality, must be regarded as an extra- 
ordinary degree. And hence an ingenious but very unsolid 
work, — full of images transferred, not from the scientific field, 
but from the field of KitTaifc wiinrf, and charged with glit- 
tering but vague resemblances, stamped in the mint of fancy ; 
which, were they to be used as mere counters in some light 
literai'y game of atory-telliug or character-sketching, would 
be in no respect out of place, but which, when passed c 
rent as the proper coin of philosophic argument, are realty 
frauds on the popular understanding. There are, however, 
not a few instances in the " Vestiges" and its " Sequel, 
which that defect of reflective power to which I refer rather 
I'lihances tlmn diminishes the difficulty of reply, by pres; 
ing to the controversialist mere intangible clouds with whicli 
to gi'BppIe; that yet, through the existence of a certain super- 
stition in the popular mind, as predisposed to accept as true 
whatever lakes the form of science, as its predecessor the old 
superstition was inclined a century ago tu reject science itself, 
are at least suited to blind and bewilder. Of this kind of 
difficulty, the following passage, in which the author of the 
work ciiehierB the Creator as such, and substitutes, instead, a 
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mere animal-manufactiiriiig piece of clock-work, which bears 
the name of natural law/ furnishes us with a remarkable in- 
stance. 
*' Admitting,** he remarks, " that we see not now any such 

* We are supplied with a curioas example of that ever-retum- 
ing cycle of specalation in which the haman mind operates, by 
not only the introduction of the principle of Epicurus into the 
" Vestiges," but also by the unconscious employment of even 
his very argumentSy slightly modified by the floating semi-scienti- 
fic notions of the time. The following passages, taken, the one 
from the modem work, the other from Fenelon's life of the old 
Greek philosopher, are not unworthy of being studied, as cu- 
riously illustrative of the cycle of thought. Epicurus, I must, 
however, first remind the reader, in the words of his biographer, 
" supposed that men, and all other animals, were originally pro- 
duced by the ground. According to him, the primitive earth was 
fat and nitrous ; and the sun, gradually warming it, soon covered 
it with herbage and shrubs : there also began to arise on the sur- 
face of the ground a great number of small tumours like mush- 
rooms, which having in a certain time come to maturity, the skin 
burst, and there came forth little animals, which, gradually re- 
tiring from the place where they were produced, began to respire.*' 
And there can be little doubt, that had the microscope been a dis- 
covery of early Greece, the passage here would have told us, not of 
mushroom-like tumours, but of monads. Save that the element of 
microscopic fact is awanting in the one and present in the other, 
the following are strictly parallel lines of argument : — 

" To the natural objection that " In the first place, there is no 
the earth does not now produce reason to suppose that, though 
men, lions, and dogs, Epicurus life had been imparted by natu- 
replies that the fecundity of the ral means, after the first cool- 
earth is now exhausted. In ad- ing of the surface to a suitable 
vanced age a woman ceases to temperament, it would continue 
boar children ; a piece of land thereafter to be capable of being 
never before cultivated produces imparted in like manner. The 
much more during the few first great work of the peopling of 
years than it does afterwards ; this globe with living species is 
and when a forest is once cut mainly a fact accomplished : the 
down, the soil never produces highest known species came as 




fiuit HN tbe production of new tpec.ies, we at least know, thiil 
wiiile Huch facts were occurring upon earth, there were asaoci- 
atud phenomena in progress of a character perfectly ordinary. 
For example, when the earth received its tirst fishes, sandstone 
und limestone were forming in the manner exemplified a few 
years ago in the ingenious experiments of Sir James HaJI ; ba- 
saltic columns rose for the future wonder of man, according 
to the principle which Dr Gr^ory Watt showed in operation 
before the eyes of our fathers ; and hollows in the igneous 
roclta were filled with crystals, precisely as they could now 

trees equal to tboBe which bate a crowning; effort Cboasanda of 

been rooted up. Tbosu which years ago. Tb< work being- thus 

arn afterwards planted become to all appearance finished, ne 

dwarfish, and are perpetuallj arenotneceesarilytoeipuctlbat 

dej^neratlng. Weare.haweier, the origiaation of life and of 

he argues, by no means certain spooiei should be oonsplououslj 

but there may beatpresent rab' exemplified in the present day. 

btts, bares, foxes, bears, and Wo are rather lo expect that Ibn 

other animals, produced by tbe •ital pbenomena presented to 

earthin thelrperfeetstate. The our eyes shauld mi^nly, if not 

reason wiiy we are backward in entirely, be limited to a regular 

admitting it is, that it happens and nuTarying sacceBsloD of 

in retired p1ac«E,andneverfsllB races by the ordinary means of 

HUder our Tiew ; and, neror see- genaration. This, bowerer. Is 

ing rats but such as haie been no more an argument against a 

produced byolherratStWeadopt time when phenomena of tb** 

tbe opinion that the earth ne'er first kind prev^led, than it 

produced any." (Ffrttlon'M tines would be a proof against tbe 

0/ die Andent PUUuopheri.) fact of a mature man having 

onoo been a growiag youth, tliat 

be js now seen growing no 

longer. • ■ • Secondly, it 

is far from being certain that 

the primiClTc imparting of life 

and form to inorganic elements 

ifl not a fact of our times. (Far- 

tiStt of CVeortm.) 



be by virtae of electric actioa, as shown within the last C 
years by Crosse and Bccqueret. The seas obeyed the it 
pulse of gentle breezes, ajid rippled their sandy bottoms, • 
suits of the present day are doing ; the trees grew ai 
by favour of mia and wind, thriving in good Beaaoi 
pining in bad : this while the ajiimals above fishes we 
to be created. The movements of the sea, the meteoroleg 
cal agencies, the disposition which we see in the genera 
of plants to thrive when heat and moistnTe wei 
dant, were kept up in silent serenity, as mstti 
natural order, throughout tlie whole of the ages which a 
reptiles enter in their various forms upon the be 
It was about the time of the first nuunnialfl that the fora 
of the Dirt-Bed was sinking in natural ruin aniidat the B 
sludge, as forests of the Piantagenets have been doing fl 
several oentnries apon the coast of England. In short, J 
lAc (wiiiMiDii operatioHi u/the jiAjfjitu^ ifyrid lure ffoing a, 
uuiat ampikiti/, olie^in^ that ordcf ahUh ire liiU tee 
thttn ; while the Bupposed extraordinary causes wer 
quisition for the development of the animal and vi 
kingdoms. There surely henue arises a strong presuuiplii 
against any such causes. It becomes much more likely tl 
Che latter phenomena were evolved in the manner 
also, and that we only dream of extraordinary canst 
as men once dreamt of a special action of Deity ii 
change of wind and the results of each season, merely ft 
cause they did not know the laws by which the event** 
<|Uestion were evolved." 

How, let us suppose, would David Hume, — the grea 
Ihinlier of which infidelity con boast,— have greeted the a 
liai'y who could have brought him such on arffavurru as a 
tributioii to the eause t " Your objection, so lar as you hi 
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Htated it," the philosopher might have said, " iLiiiouiits simiil^ 
to this ; — Creation by direct act is a mimcle ; whereas all 
that exisCfi is pnpagaied and maintaiHcd fay natural law. Natu- 
ral laws,— M vary the itlnstrution,— were in full operation at 
the period when the Author of the Chriatian religion was, it 
is said, engaged in working hia miracles. When, according to 
our opponents, he walked upon the surface of the sea, Peter, 
throDgli the operation of the natural law of gravitation, was 
sinking into it ; when he withered, hy a word, the barren 
fig-tree, there were othur trees on tlie Mount thriving in 
conformity with the vegetative laws, under the influence of 
suu and shower ; when he raised the dead Lazarus, there 
were corpses in the neighbouring tombs passing, through Che 
natural putrefactive fermentation, into a state of utter de- 
compuaition. In tine, at the time when he was engaged, 
as Reid and Campbell believe, in working miracles in vio- 
lation of law, the laws of which these were a violation 
actually esisted, and were everywhere actively operative ; 
or, to employ your own words, when the New Testa- 
ment miracles were, it is alleged, in the act of being 
wrought, 'all the common operations of the physical world 
were going on in their usual simplicity, obeying that order 
which we still see governing them.' Such is the portion of 
your statement already made ; what next !" " It is surely 
very unlikely," replies the auxiliary, "that in such a com- 
plex mass of phenomena there should have been two totally 
distinct modes of the esereise of the Divine power, — the 
mode by miracle and the mode by law." " Unlikely I" rejoins 
the philosopher ; "on what grounds !" ".O, just tmlUcely," 
says the anxiliary ;—" unlikely that God should be at onoe 
operating on matter through the agency of natural laws, of 
which HHM kmst nmeh, and through the agency of miiscnlons 
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acts, of the oature of which nxin latotet nolkUig. But 1 havtf.l 
not thoaght out the subject nay farther : yaa have, in tl 
statement already made, my entire argtaaent." " Ay, 1 ae^f ■] 
the author of the " Eusay on Minuiles" would probably bavv -1 
remarked ; ** you deem it unlikely that Deity should not (Mi^ 1 
work in part, as hs has always dune, by means of which i 
— clever fellows like you and me, — think tbey know a gi 
deal, but that he should also work in part, oi ht hai cUieaft M 
''aii«,bymennBof which they know DothJDg at all. Admirab)^! 
reasoned out ! You are, I make no doubt, a sound, 
unbeliever in your private cupaeity, and your argutiie 
have great weight with your own mind, and be, in 
qnence, worthy of encouragement in a small way ; bnt allonr 1 
me to suggest that, for the sake of the general c 
should be kept out of rench of the enemy. There ar 
Churches Militant on both sides of the Tweed shrewd ot 
batants, who have nearly as much wit as ourselves," I thiahca 
I understand the reference of the author of the " Vestige 
to the dream " of a special action of Deity in every c' 
of wind and the results of each season." Taken with ir]g| 
immediately goes before, it means something considen 
different from those fancies of tlie " untutored Indian," 
according to the poet, 

" Sees Qod Id clouds, or bfnn him in the wind." 
There is a school of infidelity, tolerably well known ir 
capital of Scotland as by far the most superficial which OUT J 
country has yet seen, tiiat measures mind with a t]q)e-liaa^ 
and the callipers, and, albeit not Christian, laudably e 
plifies, in a loudly expressed regard for science, the Ci 
grace of loving its enemy. And the belief in a apeoial Pm»I 
vidence, who watches over and orders all things, and w 
wijoso permission theve fnUeth not even a " sparrow t 
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Kiound,"' the apoatles of this school set wholly aside, subali- 
tnting:, instead, a belief in the indiscriminattag operation 
uf natural laws ; as ifj with the broad fact before tliem that 
even man can work out hia will merely by knowiDg aud di- 
rectiiiB these laws, the God by whom they woru instituted 
should lack either the power or the wisdom to make theni 
the pliaut miniaters of hie. It is, I fear, to the distinctive 
tenet in the creed of this hapless school that the author of 
the " Veatigra" refers. Nor ia it in the least surpriaing, 
that a writer who labours through two carefully written vo- 
lumes,* to destroy the existing belief in " God's works of 
Creatiou," should affect to hold that the belief in his " works 
of Providence" bod been destroyed already. But faith iu a 
special superintendL'Uce of Deity is not yet dead : nay, more. 
He who created the hnman mind took especial care, in its con- 
Htruction, that, save in a few defective specimens of the race, 
the belief ahoald never die. 

The author of the " Vestiges" complains of the illiberelity 
with which he iuis been treated. " It has appeared to vari- 
ous critics," we find hira saying, " that very sacred princi- 
ples are threatened by a doctrine of universal law. A na- 
tural origin of life, and a natural basis in organization for the 
operations of the haman mind, speak to them of fatalism and 
materialism. And, strange to say, those who every day give 
views of pki/ttBol conmoyong altogether discrepant in appear- 
ance with that of Moses, apply hard names to my book for 
suggesting an organiti camogimy in the same way, liable to in- 
considerate odinm. I moat firmly protest against this mode 
of meeting speculations regarding nature. The object of my 

" ExpUina- 



book, whatever may be sajil of tlie ina.nner in which il 
treated, is purely scientific. The views which I give of the 
history of orgonizatioD stand exactly on the same ^ound I 
upon which the geological doctrines stood fifty yean agoa I 
I am meruly endeavouring to read aright another chapter of J 
the mystic book which God has placed nnder the atteatioo ] 
of his creatures. . . The absence of all liberality in n 
reviewers is striking, and especiaUy so In those whose geol»- I 
gioal doctrines have exposed them to similar misconatructioii. J 
If the men newly emerged froratbeodium which was throws. I 
npon Newton's theory of tlie planetary motioDB, had rushad 1 
forward to turn that odium npon the patrons of the dawning ] 
science of Geology, tJiey would have been prefiguring tba 1 
conduct of several of my critics, tliemselves hardly escaped j 
from the rade hands of the narrow-minded, yet eager t( 
tliat rabhle aguanst a new and equally unfriended Strang' 
if such were the best means of purchasing impunity for t 
selves. IlnutSiatatiUUtimeici/lauthlethepabliiitttp 
IkU i>olieg." 

Now, there is one very important point to which the anthl 
of this complaint does not seem to have adverted. The m 
troDomer founded his belief in the mobility of the earth ai 
the immobility of the sun, not un a mere dream-like hyp(i> I 
thesis, founded on nothing, but on a wide and solid base of 3 
pure induction. Galileo was no mere dreamer ; — 
discoverer of great truths, and a profound reasoner regard I 
ing them : and ud his discoveries and his reasonings, ci 
pelled by the inexorable laws of his mental constitution, di4^ 
be build up certain deductive beliefs, which had no provioi 
eKifltence in his mind. His convictions were consequent^ J 
not antecedents. Such, also, is the character uf geologicaii f 
liiacovury and inference, and of the uiisting belief,— 
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joint prodnction, — regarding the great antiquity of the globe. 
No geologist worthy of the name btgan with the be1ief,and then 
set himself to sqoare geological phenoniena with its require- 
ments. It is a deduction, — a, result ; — not the starting as- 
sumption, or given aiim, in u process of calculation, but its ulti- 
mate finding or answer. Clergymen of the orthodox Chnrcheis, 
such as the Snmncrs, Sedgwicka, Bucklands, Conyheares, arid 
Pye Smiths of England, or the Chalmcrsc'S, Duncans, and Fle- 
mings of oar own country, nrnst have come to the study of 
this question of the world's age with at least no hias in favour 
of the geological estimate. The old, and, as it has proven, 
erroneous reading of the Mosaic account, was by much too 
general a, one early in the present century, not to have exert- 
ed upon them, in their character as ministers of religion, a 
sensible inHnence of a directly opposite nature. And the fact 
of the complete reversal of their original bias, and of the 
broad mihesitating finding on the subject which they ulti- 
mately substituted instead, serves to intimate to the unini- 
tiated the strength of the evidence to which they submitted. 
There can be nothing more certain than that it is minds of 
the same calibre and class, engaged in the same inductive 
track, that yielded in the first instance to the astronomical 
evidence regarding the earth's motion, and, in the aocDiid, to 
the geological evidence regarding the earth's age* 



• Tha chapter in which tWe passago orturs originally appKared, 
with several of the oChera, in the Wioun newspaper, io a stirica of 
articles, entitled "Rambleaof a CeologlGt," and drew forth the 
following letter fram a corrcepondeni of tho Scatiiih Fret, the 
organ of a poworfol and thorouglilj reapeclablo section of tbs old 
Dissenlfirs of Scotlaad. I presaatit to tha reader merel; toibow, 
rhaC if, according to the anthor of the "Veitigea." geologiils as- 
suiled the deielopmeot hypothesis in the fond hope of " purcfaas- 
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But how very di£Ferent the nature and history of the de- 
velopment hypothesis, and the character of the intellects 
with whom it originated, or by whom it has been since 

ing impunity for themselves/' they would succeed in securing 
only disappointment for their pains : — 

" THE PRE-ADAMITE EARTH. 

" To the Editor of the Scottish Press. 

" Sir, — I occasionally observe articles in your neighbour and 
contemporary the Witness, characteristically headed * Rambles of 
a Greologist/ wherein the writer with great zeal once more * slays 
the slain' heresies of the * Vestiges of Creation.' This writer (of 
the ' Rambles,' I mean), nevertheless, and at the same time, an- 
nounces his own tenets to be much of the same sort as applied to 
mere dead matter, that those of the * Vestiges' are with regard 
to living organisms. He maintains that the world, during the 
last million of years, has been of itself rising or developing, without 
the interposition of a miracle, from chaos into its present state ; 
and, of course, as it is still, as a world, confessedly far below the 
acme of physical perfection, that it must be just now on its pas- 
sage, self-progressing, towards that point, which terminus it may 
reach in another million of years hence [! ! !] The author of the 

* Vestiges,' as quoted by the author of the * Rambles,' in the last 
number of the Witness^ complains that the latter and his allies 
are not at all so liberal to him as, from their present circumstances 
and position, he had a right to expect. He (the author of the 

* Vestiges'), reminds his opponents that they have themselves only 
lately emerged from the antiquated scriptural notions that our 
world was the direct and almost immediate construction of its 
Creator, — as much so, in fact, as any of its organized tenants, — 
and that it was then created in a state of physical excellence, the 
highest possible, to render it a suitable habitation for these ten- 
ants, and all this only about six or seven thousand years ago, 
— to the new light of their present physico-Lamarchian views ; 
and he asks, and certainly not without reason, why should these 
men, so circumstanced, be so anxious to stop him in his attempt 
to move one step farther forward in the very direction they them- 
selves have made the last move? — that is, in his endeavour to ex- 



OI.DEK THAN ITS ALLBOED POUXDATIONS. 

ndopted ! lu the first place, it existed hb b, wild dre 

Geology had any being ai 

not a consequent, — a starting aaininption, not a result. No 

tend tbeir own principles of ^If-develapment Irom mere matter 
to lliing creatures. Mow, Sir, I coDfeaa mieelf to be one of thoBD 
(&nd possibly yon may have mare readers Bimilarly constituted) 
who not only cannot see any §^reat difference between merely pA$r»< 
cat and orgaaic deielopment [: !] bnt who would be inclined to allow 
the latter, absurd aaitis, the adianlage in point of likelihood [I'.l] 
The author of the ' Rambles,' howeier, in the face of this, asanrea 
us ttiat Aur views of physical self-deTelopmen t and long ohronology 
belong to the inductive sTJencee. Now, I oould at tK 
his rambles have wished 1017 much that. Instead of 1 
ing so, he had given hifi difnontlratioru He refers, 
several great men, who, he says, ace of his opinions. Most that 
these men hs>e written on the questloa at issue I haie seen, hat 
it appeared far from demon strati ve, and some of (bem, I know, 
had not fully made up their mind on the point [! ! :} Perliaps the 
anthor of the ' Rambles' could favour us with the inductive pro- 
cues that oonverted himself 
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tionally refute it [!] Till then I hold by my antiquated tenets, that 
our world, nay, the whole material universe, was oreated about 
ail or seven thousand years ago, and that in a state of physical 
eiceltonce of which we have in our present fallen world only the 
■ vestiges of creation.' I oonolude by mentioning tliat this view 
I have held now for nearly thirty yeara, and, amidst all the vicissi- 
tudes of the philosophical world during that period, I have never 
seen cause to change it. Of course, with this view I was, during 
the interval referred to, a constant opponent of the once famous, 
though now exploded, nebular hypotheaia of La Place ; and I vet 
expect to see physKal de^ek^meva and long chronolvgy wither also 
un this earth, now that theib root (the said hypothesis) has been 
Hradleated from the aKV[l ! I]— I am, Sir, your most obedient aer- 

" FHILALBTHEB." 
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one will contend that Mnillet was a geologist. (iealtig]i tuwl 
no place among the aeiBnces io the age in which he livec^ 
and even no name. And yet there is a. tranalation of hi* , 



what writers Bueb &s Drs Chalmers, Buckland. and Pye SmIA 

hate written on the other Bide. Sut fur the danunslration irfaiah 

ho asks, as / have condaeted it, I beg Ibbts to refer him to the 

9Bvont«ciith chapter of my little work, " Firat Impreasion* of 

England and its People." I am, howeier, inclined to Buspect 

that he is one of a class vfhoBe objectionE are destined to be t*- 

moied rather by the operation of the laws of matter tb&n 

tliosB of miad. For it is a comfortable eoosideration, that in tl 

eontroverey the geologistB have the lawsof matter on their aide; 

"the stars in their conrsesfight against Sisera." Their opponenW J 

now, like the opponents of the astronomer in the ages gone by, anif I 

in moat instanoes, men who have been studying the D 

nearly tliirty years." When they atndy It for a few j 

they disappear ; and the men of the same cast and calibre who ai 

ceed them are exactly the men who throw themsel 

iidently into the arras of the enemy, and look down upon their pi 

Biient predecessors with the loftiest commiBoratlon. It is, howor 

not oninatmotive to remark how thorooghly, la w 

the weaker Mends and the iriller enemies of Revelation are at 

in tlioir conclusions respecting natural phenomeni 

apondent of the SboWiiA iVew merely regards the yiewi 

of the "Vestiges" as possessing "the advantage, in | 

hood," over those of the geologists his antagouisti 

Dean of York goes greatly farther, and stands np as stoutly for t) 

transmutaUon of species as Lamarek himself. Descanting, ImU 

Seui f^iioN of Oeology, on the variotis forms of trilobites, H 

nitaa, bi'lomnltes, ftc. Dean Cockburn says, — 

"Thesecreatures appear to have possessed tbe pon 
from the stone beneath them a limy co>ering for their baelcs,!) 
perhaps, fed partly on the same solid material. SupposiDg, g 
that the first trliobites were desiroyed by the Liandello Slvl 
•ume spawn of these creatures would arise above the 
after a time, would be warmed into existence. Tbes 
than, having a better material from which to ertn 
nrid covoriug, would probably eipaud in a slijjhtlj di 
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Tdliamtd now lying before me, bearing date 1750, in whioli 
I find very nearly the eame account given of the origin of 



p&rent specie!. Ilie same woald be Btill more the ami with it 
new geaerBlion, fed upon a new depo^ from Borne deeper volcano, 
suoh as the Caradoc or Wenlook Limostone, tn which lime miffo 
and mors predominaUs. Now, If anyone will examine the Tarloiib 
prints of triloblles in Sir H. Morchison's laluablo worlt, lie will 
find but lerj trifling dlflferences io any of tlium [!!] and tboso 
differcnras only in the stony eoreriag of their bavka. t knew tvo 
brothers once mncb alike ; the one became a earBl« with a large 
family ; the other a London alderman. If the skins of these two 
pachydermata bad been preserved in a faesll state, there wonld 
hare been less resemblance between them than between an oio- 
pKat tyranjait and an lUopAiu eandatM. • " • A caroful and 
lalmriona inieBtigatJon has discoyered, aa In the trilobitas, a dif- 
ference in the ammonites of different strata ; but sacb dlffereneeB, 
as in the fanner case, exist only in the form of the eitemal shell, 
and may be ecplsined In the same manner [::j • * * As to the 
seaphitas, bacalltes, belemnltes, and all the other itu whicb learn- 
ed ingenuity has so narnod, yuu find them in various strata the 
same in all important partivulara, but also differing slightly in 
their outward ooverings, as might be eipected from the different 
eircumstancGB In which each variety was plac-eil [! !} The sheep in 
tlio warm valleys of Andalnaia hare a fine covering like to hair ; 
but remove them to a northern climate, and in a few generalionB 
the back is covered with shaggy wool. The animal Is the aame,^ — 
the covering only is ehaaged, • • ■ Thelearned haveolaESed 
those shells under the names of terebratnia, orthis, atrypha, pec' 
ten, &c. They are all much altke[!! !] It requires an expeHenced 
eye to dlBtinguisb them one from another ; what little differences 
have been pointed out may readily be ascribed, as before, to dif- 

The author of tile " Vestigea," with this, the fundamental por- 
tion of Ills case, granted tn him bythe Dean, will haveeiceedingly 
little difficulty in makingout the rest for himaelf. Thepaasagule, 
however, not wlthoat its value, as illustrative of the darkness, in 
matters of physical aiuence, " oven darkness whldi may be felt," 
that is suffered to linger, in this the most scientific of ages, in the 
Church of Bucklaad, Sedgwick, and Conybear{'. 
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animals and plants as that in the ^ Vestiges,'* and in which 
the sea is described as that great and fruitful womb of na- 
ture in which organization and life first began. Lamarck, 
at the time when Maillet wrote, was a boy in his sixth 
year. He became, comparatively early in life, a skilful bota- 
nist and conchologist ; but not until turned of fifty did he 
set himself to study general zoology ; and his greater work 
on the invertebrate animals, on which his fame as a naturalist 
chiefly rests, did not begin to appear, — for it was published 
serially, — until the year 1815. But his development hypo- 
thesis, identical with that of the ** Vestiges," was given to the 
world long before, — in 1802 ; at a time when it had not been 
ascertained that there existed placoids during the Silurian 
period, or ganoids during the Old Red Sandstone period, or 
enaliosaurs during the Oolitic period ; and when, though 
Smith had constructed his " Tabular View of the British 
Strata," his map had not yet appeared, and there was little 
more known regarding the laws of superposition among the 
stratified rocks than was to be found in the writings of 
Werner. And if the presumption be strong, in the circum- 
stances, that Lamarck originated his development hypothe- 
sis ere he became in any very great degree skilful as a zoolo- 
gist, it is no mere presumption, but a demonstrable truth, 
that he originated it ere he became a geologist ; for a geolo- 
gist he never became. In common with Maillet and Buffbn, 
he held by Leibnitz's theory of a universal ocean ; and such, 
as we have already seen, was his ignorance of fossils, that 
he erected dermal fragments of the Russian Asterolepis into 
a new genus of Polyparia, — an error into which the merest 
tyro in palaeontology could not now fall. Such, in relation 
to these sciences, was the man who perfected the dream of 
rf(* velopment. Nor has the most distinguished of its continen- 
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r living, — Professor Oken, — any high( 
to be re^rded as a disciple of ths inductive acliool of Gen- 
logy than Lamnrck. In tlie prefece to the recently-puli- 
liflhed translatioQ of hia " Phyaio-Philosophy," we find the 
following curiouB confession : — " 1 wrote the first edition 
of 1810 in a kind of impiratian, and on that acoonnt it 
was not so well arranged as a systematic work ought to bo. 
Now, though this may appear to have been amended in the 
second and third edition, yet atill it was not poaaible for mi' 
to completely attain the objet^ held in view. The book hoN 
therefore remained essentially the same as regards its fun- 
damental principles. It is only the empirical arrangement 
into series of plants and animals that haa been modified from 
time to time, in acooniitnu mth the teietUi/U elevatum of Mat 
KwrcU dtpartmetitt, ar^iat im diiemxTiiii asd anatoaKol ixru^igO' 
tiont hoM incmaied, aitd rvmimd k>hm oAer ponCion of iht vbjeeli 
atsaUerofjuceiat^." An interesting piece of evidence this ; but 
certainly ratber simple as a confession. It will be found that 
while whatever gives value to the " Physio- Philosophy" of the 
German Professor (a work whicb, if divested of all the in- 
spired bits, would be really a good one), was acquired either 
before or since its first appearance in the ordinary way, its 
development hypothesis came direct from the god. Further, 
OB I have already hud occasion to state, Oken holds, like La- 
marck and Maillet, by the imlversal ocean of Leibnitz : he 
holds also, that the globe is a vast crystal, just a little flawed 
in the facets; and that the three granitic components, — quurtz, 
feldspar, and mica,^ — are simply the hail-drops of heavy stone 
showers that shot athwart the original ocean, and accunm- 
lated into rock at the bottom, as snow or hail shoots athwai't 
the upper atmoaphere,andaccumDlates, in the form of ice, un 
ts of high hiils, or in the arctic or antarctic regions. 
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TEAL FROM SCIEKCE 

tlucli. iu the present day, are the geological notions of Okea I 
'I'Kej- were doubtless all promalgated in wliat is modert^ 
enough termed ** a kiixl of inspinLtion ,■" and there are few now 
«> ignorant of Geology as not to know that theptmririn^ bj 
in the ease, — for iiuyinitioit is not quitu the proper word, — n 
liHvc becuatleaatof kin to that ingenious peraoiiuge who tbt 
lunteereil of old to be a lyiug spi"! in the mouilia of the (bn 
hundred prophets. And the well-known fact, that the r 
iwpular contenipwaO- expounder of Oken's hypothesis,— 
author of the " VestigeB,"— haa in every edition of his woi-fc 
bt-eo eorrectiog, modifying, or ultogethor withdrawing hsa 
BWtements rt^arding both geological and zoological pheno- 
mena and that hia gradual development as a geologist and 
■oologUt, from the aufficieotlj low type of acquirement to 
which his first edition bore witncas, may be traced, in conse>- 
quenoe, with a distinctness and certainty which v 
seek inthecasesofpresumed development which he woald av 
tiun establish, — has iu its bearing exactly the same effect. Hkt 
development bypotbeEds was complete at a time when his gi 
\ogy and zoology were rudiniental and imperfect. Give n 
yuur facts, suid the Frenchman, tliat I may accommodate the^ 
to my theory. And no one can look at the progress of the 1 
niarckian hypothesis, with reference to the datee when, Mii, 
themenby whom, it was promulgated, without recogniidng ii 
it one of perhaps the most striking embodiments of the Frenol 
man's principle which the world ever saw. It is not the tllibt 
ral religionist that rejects and casts it olf, — it is the induotivi 
philosopher. Science addresses its asscrtors in the language a| 
the possessed to the sons of Scnva the Jew :—" The a 
iner I know, and tiie geologist I know ; but who are ye f 

One of the strangest passages in the " Sequel to the Vfl^ 
Ijgi's," is that in which its uuthnr curries his appeal from' 
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the tribunal of science to "another tribunal," indicated but 
nut named, before which " this new philosophy" [remarkable 
chiefly for being neither philosophy nor new] " ia to be truly 
and rightedusly judged." The principle ia obvious, on which, 
were his opponents mere theologians, wholly imable, though 
they saw the niisehievous character and tendency of bia con- 
clusiona, to disprove them scientifically, he might appeal from 
theology to science:, " it is with HcientiGc truth," he might 
urge, " not with moral consequences, that I have aught tu 
do." But on what allowable pruiciple,professing,as he does, 
tu fonnd his theory on scientific fact, can he ap|>eal from 
seience tothe want of it i " After discussing," he says, "the 
whole arguments on both sidea in so ample a manner, it may 
be hardly necessary to advert to the objection arisijlg from 
the mere tact, that nearly all the scientific men are opposed 
to the theory of the ' Vestiges.' As this objection, however, 
is likely to be of some avail with many minds, it ought not 
to be entirely passed over. K I did not tliink there were 
reasons, independent of judgment, for the scientific class 
coming so generally to this conclusion, I might feel the more 
embarrassed in presenting myself in direct opposition to ao 
iDony men posaessing talents and information. Aa the case 
really stands, the ability of this class to give at the presenf u 
true response upon such a subject appears extremely clial- 
leugeable. It is no discredit to them that they are, almost 
without exception, engaged each in his own little department 
of science, and able to give little or no attention to other 
parts of that vast field. From year to year, and from age 
to age, we see them at work, adding, no doubt, much to the 
known, and advancing many important interests, but at the 
same time doing little for the establishment of comprehen- 
sive views of natiu-e. Experiments in however nairow a 
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walk, &ctB of whatever minutenesB, make reputatioi 
scientific aocietiee : all beyand is regarded with a 
and distruat. The coii8cM]uence is, that philosophy, as it ex- 
ists amongst us, does nothing to r^se its votaries above the 
uommon ideas of their time. There can therefore be nothing 
more coocluaive against our hypothesis in the disfavour a 
the scientific class, than in that of any other « 



This is surely a very strange statement. Waiving altt^ 
ther the general fact, that p-eat original diacoverera u 
department of knowledge are never men of one sciei 
one faculty, but possesa, on the contrary, breadth of miMi 
and mjiltiplicity of acquirement ; — waiving, too, the pi 
feet, that the more distinguislied original discoversTH of (I 
present day rank among at once its most philosophic, 1 
elegant, and moat extensively informed writers ; — gran 
for the argument's sake, that our scientific men are mi 
narrow acijnirement, and " eicclusively engaged, each L 
own little dejiartment of science ;" — it is surely ratiom] 4 
hold, notwithstanding, that in at least these little lle{M 
ments they have a better right to be heard than any o 
class of persons whatever. We must surely not refiiaa <l| 
the man of science what we at once grant to the comm 
mechanic. A cotton-weaver or calico-printer may be a vi 
narrow man, "oiclusively engaged in his own little dep 
ment ;" and yet certain it is that, in a question of o 
weaving or of calico-printing, his evidence is justly dera 
more conclusive in courts of law than that of any other n 
however much his superior in geneml breadth and it 
gence. And had the anthor of the " Vestiges" fanitded 1 
hypothesis on certain facts pertaining to the arts of o 
iveaving and calico-printing, the cotton-weaver and caliM 



priuter would have an indisputaljle right to be heard on the 
question of their general correctnefis. Are we to regard Uie 
case as different becnuai! it is un facta pertaining to science, 
not to cottoQ-weaving or calico-printirg, tiiat he profes- 
ses to found ! Uis hypothssis, unless supported by acieu- 
tific evidence, is a mere dream, — a fiction us baseless and 
wild aa any in the " Fairy Tales" or the " Arabian Nights." 
And, fully sensible of the fact, lie calls in aa witneaaes the 
physical sciences, and professes to take down tlieir eridence. 
He calls into court Astronomy, Geology, Phytology, and 
Zoology. " Hold !" exclaims the astronomer, as the exami- 
nation goes on ; "you are taking the evidence of my special 
science most nnfairly ; I challenge a right of cross-examining 
the witneas." " Hold !" cries the geologist j yon are pat- 
ting my science to the question, and extorting from it, in ita 
agony, a whole series of fictions ; 1 claim the right of ex- 
amining It fairly and softly, and getting from it Just the 
sober truth, and nothing more." And the phytolotpst and 
zoologist urge exactly similar claims. " No, gentlemen," re- 
plies the author of the "Vestiges," "you are narrow men, con- 
fined each of yon to his own little deportment, and so 1 will not 
permit you to cross-examine the witnesses." " What !" re- 
join the men of science, " not permit us to esamine our own 
witnesses ! — refuse to us what you would at once concede to 
the cotton-weaver or the calico-printer, were the question 
one of cotton- weaving or of calico-printing ! We are surely 
not moch narrower men than the man of cotton or the man 
of calico. It is but in our own little departments tlist we 
nsk to be heard." "But you shall not beheard, gentle- 
men," says the author of the " Vestiges ;" " at all events, I 
shall not care one fitrthing for anything ycni say. For nb- 
aerve, gentlemen, my hypothesis is nothing without tliu 
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evidence of your sciences ; and you all anite, I 
thai evidence from me ; and so I confidently raise my appe 
in this mattiT to people who know nothing about either y 
or your sciences. It must be before another tribunal thl 
the new philosophy is to be tmlj and righ I eonaly judged.^ 
Alan 1 what can (his meo]) ? or where are we to seek for 
that trihuiuil of last resort to which thiit ingenious man rv- 
fers with such confidence the consideration of his case t Can 
it mean, that he appeals from the only class of persons qui 
lied to judge of his facta, lo a chiss ignorant of these, but d 
posed by habits of previous scepticism to acijuicsce in his et 
clunons, und take hiH premises for granted ; — that he appe 
from astronomers and (^logiats to loB-minded materialiaS 
and shallow phrenologers,^ — from pliytologi<tt8 and zoologl 
to mesmeriatB and phreno-inesmerists I 

I remember being much struck, several years ago, by a 
mark dropped in conversation by the Inte Rev. Mr Stewartd 
Cromarty, one of the most original-minded men 
" In reading in my Greek New Testament this morning," 
said, " 1 wa« curiously impntssed by a thought which, sinM 
OS it may seem, never occurred to me before. 
which I perused was in the First Epistle of Peter ; and ai 
passed from the thinking of the passn^re to the language li 
which it is expressed, — ' This Greek of the untaught (ialil* 
fJHliemian,' — I said, ' so admired by scholars and ct 
unalfeoteddignityuidforce, was nut acquired, OB Chat of Fb^ 
may have been, in the ordinary way, but formed a pnrtioB a 
the Pentecostal gift I Here, then, immediately under n 
eye, on these pages, are there embodied, not, 
other parts of the St^riptures, the mere drlaiU of a m 
bnt the direct ntmtu of a miracle. How strange I Had tl 
Nilil.w of Mtiiuc bi'en placed before me, with what a 
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struck feeling would I Imve loukud i>n thu cliara 
upon them by God's own finger I How ia it tliat I havu 
foiled to remember that, in the language of these EpiHtles, 
miraculausly impressed by tbe Divinii puwer upon tbu mind, 
I possessed aa significant und suggiBitive a relic as that which 
the inscription miraculously impressed by the Divine power 
upon tbe atone could possibly have furnished )' " It was a 
striking thoaght i and in the course of our walk, which led 
us over richly foasiliferous beds of the Uld Red Sandstone, to 
a deposit of the Eathie Lias, hirgely charged with the cha- 
tactemtic remains of that formation, 1 ventured to connect 
it with another. " In either case," I remarked, as we sealed 
ourselves beside a sea-cliff, sculptured over with the impres- 
sions of extinct plants and shells, " yonr relics, whether of 
the Pentecostal Greek or of the characters inscribed on the 
old tables of stone, could address themselves to but previ- 
ously existing belief. The sceptic would see in tbe Sinaitic 
characters, were they placed betbre him, merely the work of 
an ordinary tool ; and in the Greek of Peter and John, a 
well-known language, acquired, he would hold, in the com- 
mon way. But what say you to the relics that stand out in 
BDoh bold relief from the rocks beside us, in their character 
as the results of miracle ! The perished tnbes and races 
which they represent all began to exist. There is no' truth 
which science can mare conclusively demonstrate than that 
they had all a beginning. The itilidel who, in this late age 
of the world, would attempt falling back on the fiction of an 
'infinite series,' would his hiughed to scorn. They all be- 
gan t« be. But how ) No true geologist holds by the deve- 
lopment hypothecs ; — It has been resigned to sciolists and 
smatterers ; — and there js but one other alterri.itive. They 
began to be, through tht tniracle of oreaiiu*. From the evi- 
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dence furnished by these rocks we are shut down either to 
the belief in miracle, or to the belief in something else in- 
finitely harder of reception, and as thoroughly unsupported 
by testimony as it is contrary to experience. Hume is at 
length answered by the severe truths of the stony science. 
He was not, according to Job, ' in league with the stones of 
the field,' and they have rijsen in irresistible warfare against 
him in the Creator's behalf." 




FINAL CAUSES.— THEIR BEARING ON 
GEOLOGIC HISTORY. 



coNcLrsiOK. 



" NAfuBAi. HUtory hna a priucijiln on wlilcli to reason," 
Bays Cuviar, " wliicli is peculiar to it, and which it employs 
adrantageoualy on many occflaions ; it ifl that of the amdi- 
tiiHu of exiglenBe, commonly tevmeA final camti." 

In Geology, which is Natural History extended aver all 
f^es, this principle has a still wider scope, — embracing not 
merely the characteristioa and conditions of the beings which 
now exist, but of all, so far aa wo can leora regarding them, 
which have ever esi3ted,^and involving the consideration 
of not merely their peculiarities aa races placed before us 
without relation to time, but also of the history of their rise, 
iucre«ae, decline, and extinction. In studying the biography, 
if I may so express myself, of on individual animal, we have . 
to acquaint ourselves with the circumstanees in which nature 
has placed it, — its adaptation to these, both in structure and 
instinct, — the points of resemblance which it presents to the 
individuals of otiier races and famUies, — and the laws which 
determine its terms of development, vigorous existence, and 
decay. And all Natural History, when restricted to the pass- 



iiig now of tlic world's annals, is simply a congeries of biogTa- 
pliies. It is wben we extend our view into the geological 
field that it pa^es from buyrapli^ iota hiatori/ yroper, and tliat 
we have to rise Iroui the conaideratiun of the birth and death 
of individuals, which, in all mere biographiea, fonn the great 
temiinal events that constitute beginning and end, to a bo^ I 
vey of the birth and death of races, and the elevation e 
gradation of dynasties and sub-kingdoms . 

We learn from human history that nations a; 
mortal as men. They enjoy a greatly longer term of e: 
ence, hut they die at laat ; Rollin's History of Ancient Na* 
tionsisahbtoryof thedead. And we are taught by geolog 
history, in like manner, that ipecki are as mortal as individn^^ 
als and nations, and that even genera and iiimilies become s 
tinet. There is no man upon earth at the present moa 
whose age greatly exceeds an hmidred years ; — there i»a 
Botioa now npon earth (if we perliaps except the long-liv4 
Chinese) that also ttourished three thousand years ago;- 
is noipteiea now living npon earth that dotes beyond the tiiB 
of tlie Tertiary deposits. All bear the stamp of deatb,^ — in 
viduals, — nations, — species; and we may scarce less safelypi 
dicate, looking upon the past, that it is appointed for ni 
and species to die, than that it " is uppointed for moh ui 
die." Even our own species, a« aoir ovuttitaUii, — with ins 
that conform to the original injunction, " increase and a 
ply," and that, in consequence, "marry and are given in in 
riage," — shall one day cease to exist : a fact not I 

e with beliefs inseparable Irom the faith of the ( 
1, than with the widely fonnded experience of the gi 
;. Now, it is scarce possible for the human mind t( 
le acttuainted with the fact, that at certain periods s] 
began to exist, and theu,after the bpse of untold ages.cea 
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to be, without enquiring whether, from the "conditions of 
existence, connnonlj termed final causes," we cannot deduce 
a reason for their rise or decline, or why their term of being 
ahonld have been included rather in one certain period of tiuif 
than another. The same faculty which Huda employment in 
trailing tu their causes the rise and tall of nations, and whicli 
it IB themeritof the philosophic historian judiciously to exer- 
cise, will to a certainty seek employment in this department 
of history also ; and that there will be an appetency for such 
speculations in the public mind, we may infer from the success, 
as a literary nndertaking, of the " Vestiges uf Creation," — a 
work that bears the same sort of relation in this special field 
tu sober enqniry, fouuded on the true conditions of things, that 
the legends of the old chroniclers bore to authentic history. 
The progressive state of geologic science has hitherto mili- 
tated against the formatiou of theory of the soberer charac- 
ter. Its fact*, — still merely in the forming, — are neceasarily 
imperfect in their classification, and limited in their amount ; 
and thus the essential data continues Incomplete. Besides, 
the men best acquainted with the basis of fact which already 
exists hare quite enough to engage them in adding to it. 
But there are limits to the field of palajontologicul discovery, 
in its rulattun to what may be termed the chronology of or- 
gunized existence, which, judging from tlio jirogresa of the 
science in the past, may be well nigh reached in favoured 
localities, such as the British islands, in about a quarter 
of a century from the present time ; and then, I doubt not, 
geological history, in legitimate conformity with the laws of 
mind, and from the existence of the pregnant principle pe- 
culiar, according to Cuvier, to that science of which Geology 
is simply an extension, will assume a very extraordinary form. 
We cannot yet aspire " to the height of this great arguinent:" 
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our foundalions are in ports still imconsolidated and ii 
plete, aiid unfitteil to sustaio the perfect supergtructure wM 
Hhall one <iay assuredly rise npon them ; bnt from the liM 
which we can now see, " as if in a glass darkly," enough ■ 
pears from which to 

"AEBerlBtemal Providence, 
And justifj the naja of God In men." 

The history of the four great monarchies of the world n 
typified, ia the prophetic dream uf the ancient Babylonuifa 
kiug, by a colossal image, " leirible in its form and bright- 
nesa," of which the " head was pore gold," the " breast and 
iirmB of silrer," the " belly and thighs of brass," and the 
legs and feet " of iron, and of iron mingled with chiy." 
The vision in which it formed the central object was appro- 
pnately that of a puissant monarch; and the image itself typi' 
lied the merely human moiiurchies of the earth. It would 
require a widely different figure to symbolize the great mo- 
narchies of creation. And yet H«vetatioD does furnish such a 
tigure. It is that which was witnessed by the captive pro- 
phet be«de "the river Chebar," when "the heavens were 
opened, and he saw visions of God." In that chariot of Deity, 
glowing in fire and amber, with its complex wht^ela " so 
high that they were dreadful," set round about with eyes, 
thtre were living creatures, of whoso four faces three wer* 
brute and one human ; and high over all sat the Sua of Man. 
It would almost seem as if, in this sublime vision, — in which, 
with featurca distinct enough to impress the imagination, 
there mingle the elements of an awful incomprehensibilitf, 
and which even the genius of Raffaelle has failed adequately 
to portray, — the history of all the past and of all the future had 
been symbolized. In the order of Providence intimated ii 
geologic record, the brute faces, as in 
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tbp liumaii i — tlie butiian dynast j is one, and the dynastl 
the inferior aninrnls are three ; nnd yet wbo can ilaiibt tbat 
f hey all equally compose jiarta of a weUordered and perfect 
whole, as the fuur faces funned but one iiherubim ; that thty 
liftve been moving onward to a definite goal, in the unity of 
one grand hannonions design, — now " lifted up high" over 
the eomprehengioii of eartii, — now let down to its liumble 
level ; aud tliat the Creator of all has been ever seated over 
thera on the throne of his providence, — a "iikenessin the 
appearance of a man," — embodying the perfection of hia na- 
ture iu his workings, and determining the end from the be- 
ginning I 

There is geologic evidence, as has been shown, that in the 
conrseof creation the higher orders succeeded the lower. We 
hare no good reason to believe that the uoltuac and crustacean 
preceded the fiah, seeing that discovery, in its slow course, 
has already traced the vertebrata in the icbthyic form, down 
to deposits which only a few years ago were regarded as re- 
presentative of the lirat beginniof^ of organized exiatenee 
on onr planet, and that it has at the same time failed to 
add a lower system to that in which their renmiua occur. 
But the fish seems moat certainly to have preceded the reptile 
nnd the bird ; the reptile and the bird to have preceded the 
mammiferous quadruped ; and the mammiferous quadruped 
to have preceded man, — rational, occonntable man, whom 
God created in his own image,^the much-toved Benjamin of 
the family, — last-bom of all creatures. It is of itself an ex- 
traordinary fiict, without reference to other conaiderationB, 
that the order adopted by Cuvier, in his animal kingdom, as 
that in which the four great classea of vertebrate animals, 
when marshalled according to their rank and standing, natU' 
rally range, should be also that in which they occur in order of 
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time. The brain which bears an average proportion to the 
spinal cord of not more than two to one, came first, — it is the 
brain of the fish ; that which bears to the spinal cord an average 
proportion of two and a half to one succeeded it, — it is the 
bVain of the reptile ; then came the brain averaging as three to 
one, — it is that of the bird ; next in succession came the brain 
that averages as four to one, — it is that of the mammal ; and 
last of all there appeared a brain that averages as twentif- 
three to one, — reasoning, calculating man had come upon the 
scene. All the facts of geiological science are hostile to the 
Jjamarckian conclusion, that the lower brains were developed 
into the higher. As if with the express intention of pre- 
venting so gross a mis-reading of the record, we find, in at 
least two classes of animals, — fishes and reptiles, — the higher 
races placed at the beginning : the slope of the inclined 
plane is laid, if one may so speak, in the reverse way, and, in- 
stead of rising towards the level of the succeeding class, in- 
clines downwards, with at least the effect, if not the design, 
of making the break where they meet exceedingly well 
marked and conspicuous. And yet the record does seem to 
speak of development and progression ; — not, however, in the 
province of organized existence, but in that of insensate 
matter, subject to the purely chemical laws. It is in the 
style and character of tlie dwelling-plchce that gradual improve- 
ment seems to have taken place, — not in the functions or the 
rank of any class of its inhabitants ; and it is with special 
reference to this gradual iraproveraent in our common man- 
sion-house the earth, in its bearing on the " conditions of ex- 
istence," tliat not a few of our reasonings regarding the in- 
troduction and extinction of species and genera must proceed. 
That definite period at which man was introduced upon 
tJie scene seems to have been specially determined by the 
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(-oiiclltiniiB <if correapondence nhicb the phenomens nf hiu 
habitation had at length como to asaume with the predeBtin- 
td constitutiau of his mind. The large reiuoDiiig brain 
would have been wholly out of place in the earlier ages. It 
IB indubitably the nature of man to base the conclusions 
which regulate all his actions on lixed phenomena ; — he rea- 
sons from cause to effect, or from effect to canee ; and when 
placed in circnnistances in which, from some lack of the ne- 
cessary basis, he cannot so reason, he becomes a wretched, 
timid, Bnperstitious creature, greatly more helpless and ab- 
ject than even the inferior animals. This unhappy state is 
strikingly eieinplified by that deep and peculiar impression 
made on the mind by a severe eartbi^uake, which Hum- 
boldt, from his own experience, so powerfuHy describes. 
" This impression," he says, " is not, iu my opinion, the re- 
sult of a recollection of those fearful pictures of devasta- 
tion presented to our imagination by the historical uBrra- 
tives of the past, but is rather due to the sudden rovelatiun 
of the delusive nature of the inherent faith by which we had 
clung to a belief in the immobiUty of the solid parts of the 
cai'th. We are accustomed from early childhood to draw a 
contrast between the mobility of water and the immobility 
of the soil on which we tread ; end this feeling is confirm- 
ed by the evidence of our senses. When, therefore, we sud- 
denly feel the ground move beneath us, a mysterioas force, 
with which we wore previously unacquainted, is revealed 
to us as an active disturber of stability. A moment de- 
stroys the illusion of a whole life ; our deceptive ftiith in the 
repose of nature vanishes ; and we feel transported into a 
realm of unknown destructive forces. Every sound, — the 
faintest motion of the air,— an'est* 
longer trust the ground on which we stand. 





idea conveyed to the mind, of some universal and unlimited J 
danger. We may flee from the crater of a vulDano in actlvfl m 
emptioa, or from the dwelling wliose destruction is threi 
ened by the approach of the lava h 
quake, direct our flight whither 
as if we trod upon tlie very I'ucub of destruction." 
Htrikiog is the testimony of Dr Tschudi, in his " Travela in 
Peru," regarding tliis BiQg;u1ar effect of earthquakes on Lbe 
human mind. " No familiarity with the phenomenon can," 
lie remarks, "blunt the feeling. The inhabitant of Lima, who 
from childhood has freqaeatly witnessed these convnlmons 
of nature, is roused from bis sleep by the shock, and mahea 
from his apartment with the cry of ' Mitericordia T The fo- 
reigner from the north of Europe, who knows nothing of 
earthquakes but by description, waits with impatience to feel 
the movements of the earth, and longs to hear with his own 
ear the subterranean sounds, which he has hitherto iion- 
sidered fabulous. With levity he treats the apprehen- 
sion of a coming oonviiUion, and laughs at the fears of the 
natives ; but as soon as his wish is gratified, he is terror- 
Rtnkeii, and is invaluntarily prompted to seek safety in 
flight." 

Now, a partially cousoUdated planet, tempested by t 
quent earthquakes of such terrible potency, tliat those of tl 
historic ages would be but mere ripples of the earth's tf 
face in comparison, could be no proper home for a a 
so constituted. The fisb or reptile, — animals of a L 
range of instinct, exceedingly tenacious of life in ra 
varieties, oviparous, prolific, and whose young ii 
on their escape from the egg can provide for Ihemj 
might enjoy existence in such circumstances, to the full ■ 
tent of their narrow caiiacitieb ; uiid u lien sudden death | 
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upon them, — though their rcmnins, scattered' 
oODtinue to exhibit that dbtortioii of posture incident 
lent diasolution, which eeema to speak of terror and suffering, 
— we may safely conclude there was but little real suffering 
in the case : they were happy up to a certain point, and un- 
couBciouH fur ever after. Fialiefi and reptilea were tbejirnper 
inhabitantB of our pUnet during the ages of the earth-tem- 
pests ; and when, under the operation of tlie chemical laws, 
theEie had become less frequent and terribie, ttie higlier 
mamuiala were introduced. That prolonged ages of the^e 
tempests did exist, and tliat they gradually settled down, nn- 
til the state of things hecame at length comparatively jixed 
and stable, few geologists will be disposed to deny. The evi. 
dence which supports tAis special theory of the development 
of our planet in its capabilities as a scene of organized and 
sentient being, seems palpable at every step. Look first at 
these Grauwacke rocks; and, after marking bow in one place 
the strata have been upturned on their edges for miles toge- 
ther, and how in another the Plutonic rock lias risen molten 
from below, pass ou to the Old Red Sandstone,and examine its 
stgniUcant platforms of violent death, — its faults, displace- 
ments, and dislocations; see, next, in the Coal Measures, those 
evidences of sinking and ever-sinking strata, for thousands of 
feet togetlier ; mark in the Oolite those vast overlying masses 
of trap, stretching athwart the landscape, far as the eye can 
reach ; observe carefully how the signs of convnlsiim and 
catastrophe gradually lessen as we descend to the times of 
the Tertiary, though even in these ages of the mammiferous 
quadruped, the earth must have had its oft-recurring ague 
tits of frightful intensity ; and then, on closing the survey, 
conwder how exceedingly partialand nnfrequent these eartb- 
tempests have become in the recent periods. Yes ; we tind 
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everjwhere marks of at once progression and id()iitity,-^f 
progress mode, and yet identity ttioint«ned ; but it ia bi 
the habitation tbat we find them, — not in the inhabttaatii M 
There ia u tract of country in HinduHlan that oo 
nearly as many square miles as aU Great Britain, ■ 
ed to the depth of hundreds of feet by one vast overflvwS 
of trop ; a track similarly overflown, which exceeds in ar«n 
aU England, occurs in Sonthem Africa. The earth's 
face is roughened with such,— mottled aa thickly by t 
Platonic masses aa the skin of the leopard hy its spots. The 
trap district which surrounds oar Scottish metropolis, and 
imparts so imposing a character to its scenery, ii 
derable to be marked on geological maps of the world, that n 
yat see streaked and speckled with similar memorials, thoi: 
on an immensely vaster scale, of the eruption and averflot 
which took place in the earthquake ages. What could n 
have done on the globe at a lime when such outbursts < 
comparatively common occurrences ? What could he faavi 
done where Edinburgh uow stands during that overflow of tr 
porphyry of which the Pentland range forms but afragmel 
or that outburst of greenstone of which butaportioi 
in the dark ponderous coping of Salisbury Craigs, or when (] 
thick floor of rock on which the city stands was broken n 
like the ice of an arctic sea during a tempest in spring, and It 
on edge from where it leans against thu Castle Uill ti 
the quarries at Ji>ppa) The reasoning brain would havelx 
wholly at tault in a scene of things in which it could ne 
foresee the exterminating calamity while yet distant, nor 
trul it wlieu it had come ; and su the reasoning biaia wa 
produced until the acene had undergone a slow but thor 
process of change, during whicli, at each progressive stagafll 
Jiud furnished a phitforiu for liigiiiT and still higher I 
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'Whfti ihe GonifertG could flourish on the land, and fialii^s 
aubaist in the seas, fisheH and cone-hearing plants w 
ed ; whc^n the earth became a lit habitat for reptiles and 
birds, reptiles and birdB were produced ; with the dawn of a 
more stable and mature atate of things the sagacions qnad- 
mpcd was usliered in ; aod, last of all, when man's hoase 
was fally prepared for him, — when the data on which it is 
his nature to reason and calculate bad become fixed and 
certain, — the reasoning, calculating brain was moulded by 
the creative finger, and man became a living soul. Such 
seems tu be the true reading of the wondrous inscription 
cbiaelled deep in the rocks. It furnishes us with no clue 
by which to unravel the unapproachable mysteries of crea- 
tion ;^these mysteries belong to the wondrous Creator, 
and to Uim only. We attempt to theorize upon them, and 
to reduce them to law, and all nature rises up against us 
in our presumptuous rebellion. A stray splinter of cone- 
bearing wood,— a fish's skuU or tooth, — the vertebra of a 
reptile, — the humerus of a bird, — the jaw of a quadruped,^ 
all, any of these things, weak and insignificant as they may 
seem, become in such a quarrel too strong for us and oar 
theory : tbe puny fragment, in the grasp of truth, forma as 
irresistible a weapon as tbe dry bone did in that of Sampson 
of old ; and our slaughtered sopliisms lie piled up, " heaps 
upon heaps," before it. 

There is no geological fact nor revealed doctrine with which 
this special scheme of development does not agree. To every 
truth, too, really such, from which the antagonist scheme de- 
rives its shadowy analogies, it leaves its full value. It has no 
quarrel with the facts of even the " Vestiges," in their cha- 
racter as realities. There is certainty something very extra- 
ordinary in that foataL progress of the human brain on whicti 




the BBsertors of the develupment hypothesis have fuundc!d m 
niDch. Nature, in conBtracting this curioiiB organ, first iayt 
down a grooved cord, as the carpenter Uys down the keel of 
his Toesel ; aad on this narrovr base the perfect brain, as 
month after month posses by, is gradually built op, like the 
▼esael jroni the keel. First it grows up into a brain closely 
resembling that of a fish ; a few additions more convert it 
into a brain undistinguieliable from thiit of u reptile ; a few 
additions more impart to it the perfect appearance of the 
brain of a bird ; it then developes into a brain exceedingly 
like that of a niammiferous quiulruped ; and, finally, expand- 
iog atop, and spreading out its deeply uonugaCed lobes, till 
they project widely over the base, it assnmes its oniqae ol 
racterasa humiiu brain. Radically such from the firat, H 
passes towards its full developtneut, through all the inferii 
forms, from that of the Hsh upwards, — -thus rompnsiog, dnf 
iog its fratal progress, an epitome of geologic history, as it 
each man were in himself, not the mimvcoim of the old fi 
fill philosopher, but something greatly more wonder 
a compendium of all animated nature, and of kin b 
creature that lives. Hunce the remark, that mail 
BQin total of all animals, — " the animal cjuivalent," i 
Oken, " to the whole animal kingdom." Wu are perhapa h 
much in the habit of setting aside reaJ tucts, when they hi 
been first seized upon by the infidel, and appropriated t> 
purposes of unbelief, as if they had Bu£Fered contaminatioaM 
his hands. We forget, like the brother " weak in the tuOt 
instanced by the A)H>stle, that they are in themselves " 
turea of God ;" and too readily reject the lesson which tl 
teach, siioply because they have been offered in sacrifice U 
idol. And this strange fact of the progress of the hnmait b 
is assuredly a fact none the less worth looking at trom the d 



cumstaiice that inlidelit; has looked at it first. On no pi-in- 
ciple reuognisable in right reason can it be urged in support 
lit the development liypotheais ;— it ia a fact of fmtat de- 
velopment, and of that only. But it would be well should 
it lend our metapliyeicianB to enquire whether they have 
]iot been rendering their science too insulated and exclusive ; 
and whether the mind that works by a brain thus " fearfully 
and wonderfully made," ought not to be viewed rather in 
coDuection with all animated nature, especially as we find 
nature exemplified in the viuioos vertebral forms, than ua a 
thing fundamentally abstract and distinct. The brain built 
up of all the types of JTfiJK, may be the organ of a mind com- 
pounded; if I may so express myself, of all the varieties of 
mml. It would be perhaps over fanciful to urge that it is 
the creature who has made himself free of all the elements, 
whose brain has been thus in succession that of all their 
proper denizens ; and that there is no animal instinct, tlie 
function of which cannot be illustrated by some art mas- 
tered by man : but there can be nothing over fanciful in 
the suggestion, founded on thin fact of fixtal development,tbBt 
possibly some of the more obscure signs impressed npon the 
human character may be beet read through the spectacles of 
physical science. The successive phases of the fcetal brain 
give at least fair warning that, in tracing to its first principles 
the moral and intellectual nature of man, what is properly his 
"natural history" should not be overlooked. Oken, after 
describing the human creature in oue passage as "eq^niva- 
lent to the whole nnimnl kingdom," designates him in another 
as " Gad wholly manifested," and aa " God become msn ;" — 
a style of expression at which the English reader may start, 
as that of the " big mouth speaking blasphemy," but which 
has become exceedingly common among the rationalists of 
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the Continent. The irreyerent naturalist onght surely to have 
rememhered, that the sum total of all the animals cannot be 
different in its nature from the yarious sums of which it is 
an aggregate, — seeing that no summation ever differs in 
quality from the items summed up, which compose it, — and 
that, though it may amount in this case to man the animal, — 
to man, as he may be weighed, and measured, and subjected 
to the dissecting knife, — it cannot possibly amount to Grod. Is 
Grod merely a sum total of birds and beasts, reptQes and fishes ! 
— a mere Egyptian deity, composed of fantastic hieroglyphics 
derived from the forms of the brute creation ! The impieties 
of the transcendentalist may, however, serve to illustrate that 
mode of seizing on terms which, as the most sacred in the mes- 
sage of revelation, have been long coupled in the i>opular mind 
with saving truths, and forcibly compelling them to bear some 
visionary and illusive meaning, wholly foreign to that with 
which they were originally invested, which has become so 
remarkable a part of the policy of modem infidelity. Ra- 
tionalism has learned to sacrifice to Deity with a certain 

measure of conformity to the required pattern ; but it is a 

It 
confoi-mity in appearance only, not in reality ; the sacri- 
fice always resembles that of Prometheus of old, who pre- 
sented to Jupiter what, though it seemed to be an ox with- 
out blemish, was merely an ox-skin stuffed full of bones and 
garbage. 

There is another very remarkable class of facts in geolo- 
gical history, which appear to fall as legitimately within the 
scope of argument founded on final causes, as those which 
bear on the appearance of man at his proper era. The period 
of the mammiferous quadrupeds seems, like the succeeding 
human period, to have been determined, as I have said, by the 
eartii's fitness at the time as a place of habitation for crea- 
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tiiren SO forraetl. And the bulk to whicli, in tli 
treinc cases, thej attained, appears to have been reflated, 
a» in tile higher mammals now, with reference to the forte 
of grnvitj at the earth's surface. The Megatlierinm and the 
Mastodon, the Dinotherium and the extinct elephant, in- 
creased in bulk, in obedience to the laws of the specific con- 
stitation imparted to them at their creation ; and these laws 
bore reference, in turn, to another law, — that law of gravity 
which determinca that no creature which moves in air and 
treads the surface of the earth should exceed a certain weight 
or size. To very near the limits assigned by this law some of 
the ancient quadrupeds arose. It is even doubtful whether 
the Dinotherium, the most gigantic of mammals, may not have 
been, like the existing sea-lions and morses, mainly an aqua- 
tic quadruped ; — an inference graundcd on the circumstance 
that, in at least portions of its framework, it seems to have 
risen beyond these limits. Now, it does not seem won- 
derful that, with apparent reference to the point at which 
the gravity of bodies at the earth's surface bUtelt the con- 
ditions of texture and matter necessary to existence among 
the snb-aerial vertebrata, the reftitei of the Secondary pe- 
riods should have grown up in some of their species aod t;e- 
nera to the extreme size. A world of frogs, newts, and 
liiiards would have borne stamped upon it the impress of 
II tame and miserable mediocrity, tiuit would have harmo- 
nized ill with the extent of the earth's capabilities far sup- 
porting life on a large scale. There would be no principle of 
adaptation or rule of proportion maintained between an ani- 
mal kingdom composed of ao contemptible a group of beings, 
imd either the dynamic laws under which matter exists on 
our planet, or the luxuriant vegetation which it bore during 
the Secondary ages. And snch was not the character of the 




group vhicK composed the reptile dynasty. The tguai 
must have been qnite aa tnll aa the elephant, — greatly li 
and, it would seem, at least aa bniky. The M egalosaoma i 
have at least equalled the rhinoceros i the llylieosauniswi 
have outweighed the hippopotamna. And when reptiles 
rivalled in size our hugest mammals inhabited the land, 
repdles, — Ichthyosaurs, PlesiosaDrs, and Cetiosaurs,- 
lew bulky than the eetacea themselves, possessei 
only was the platform of being oocnpied in all its brtadtit, 
also iti all its lui/ht ; and it ia aecording to our simpit 
moreobviousideosofadaptatioQ,— simple and obvious I 
gleaned from the very surface of the universe of life,— thaf" 
such should have been the case. But it does appear strange, 
because under the regulation, it would seem, of a principle of 
adaptation more occult, and, if I may so speak, more Frun-. 
dentiiU, that no sooner are the huge mammals introduced m^ 
jroiip, than, with but a few esceptiona, the reptiles appear 
greatly diminished proportions. They no longer occupy 
platform to its full extent of A^i?*!. Even in tropical coun- 
tries, in which certain families of manmials still att^n to 
the majtimum sine, the reptiles, if we except the crDcodilean 
&mily, a few harmless turtles, and the degraded boM a 
pythons, are a small and comparatively unimportant r 
Nay, the existing giants of the class,— the crocodiles n 
boas, — hardly equal in bulk the third-rate reptiles 
ages of the Oolite and the Wenlden, So far as can 1 
there is no reason deduccable from the nature of thioj 
the conotry that sustains a mammal bulky as the efephaat^ 
should not also support a reptile huge as the Ignanodoa ; or 
why the MegatoaUDrus, Hyliposaurus, and Dicynodon, mi^t 
not have been contemporary with the lion, tiger, and rliiaa-,— 
eeros. The change which (ook ]:Ia<?e [n the re]>lile groupna 
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mpdintcly on their dethroQement at the close of the 

d&ry period, seema Bcajce ieta etrange than that sung by Mil- 

"Behold B wondar! They but now who e«emed 
la bigness ta Earpaes earth'u giant sons, 
Now leas th»n BmallflSt Jwarfi, in narrow room 
Thrnngtid namberleafl : li^o that pjgmeaa race 
fieyood the Indian mount ; or fairy gives, 
^VhoHO midnight revels, by a foreBt side 
Or fonutaln, some tKlated peasant soes, 
Or dreams he eret, while. o'erhfRd, the moon 
Sits arbitrees, and nearer to (he earth 
Wheels her pale coarBe." 

Bat though we CAnaot aaaign a cavie for this general ra- 
daction of the repliie elans, save simply the will of the all- 
wiae Crtntor, the reaioa why it should have taken place 
seems easily assignahle. It was a. bold saying of the old 
philosophic heathon, that " God ia the soul of briitea ,■" but 
writers on instinct in even our own times have said less 
warrantable things. God 'iota seen to do for many of the 
inferior animals of the lower diviaions, that, though devoid 
of brain and vertehnil column, are yet skilful ehomists and 
accomplished architects and mathematicians, what he en- 
ables man, through the exercise of the reasoning faculty, to 
do for himself ; and the ancient philosophei 
And in clearing away the giants of the reptile dynasty, when 
their kingdom had pasaed away, and then re-introducing the 
class oa much shmnken in their proportions as restricted in 
their domains, the Creator seems to have been doing for the 
mammals what man, in the character of a " mighty hunter 
before the Lord," does for himself. There is in nature very 
little of what can be called war. The cities of this country 
cannot be said to he in a state of war, though tfarir cattle- 
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markets are thronged every week with animals for bI 
and the batcher and Esh-monger 6nd their places af bi 
thronged with customers , And auch, in the main, is the con- 
dition of the ajiimal world j — it consistB of ita two claaseB, — 
animals of prey, and the animals upon which they prey : its 
wars are simply those of the hatcher and fisher, lightene* i 
by a dash of the enjoyments of the sportsraon. 



CieneraUf speaking', the carnivorous mammalia respect o 
another : lion does not war with tiger, nor the leopard c 
tend with the hyena. But the camiTorous reptiles man 
no such respect for the carnivorons mammals. There arol 
fierce contests in their native jimgles, on the banks of the J 
Ganges, between the gavial and the tiger ; and in t 
ing forests of South America, the boa-constrictor casts hi^ 1 
terrible coil scarce tess readily round the puma than the an>> 'I 
telope. A world which, after it had become a home of U 
higher herbivorous and more powerful camiTorous 
continued to retain the gigantic reptiles of its earlier Bf 
would be a world of horrid, exterminating war, and alto 
gether rather a place of torment than a scene of intemiK 
diato character, in which, though it sometimes re-echoes tl 
groans of suffering nature, life is, in the mun, eojoyn 
And so,— save in a few exceptional cases, that, while tl 
establish the rule as a fact, serve also as a key to n 
that principle of the Divine government on which i 
pears to rest, — no sooner was the reptile removed from b 
place in the fore-front of creation, and creatures of a highs 
order introduced into the consolidating and fast-Hpeniiig d 
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pkjiet of which he had been so long the monarcli, than his 
bulk shrank and his Btrength lesseaed, and he assumed a 
hmnility of form and BBpeot at once in keeping with his re- 
duced circuQiBtanccs, and compatible with the general wel- 
fare, llut though the reason of the reduction appears obvious, 
1 know not that it can be referred to any other cauie than 
simply the will of the AU-Wiae Creator. 

There hangs a mystery greatly moro profound over the 
iact of the deffradation than over that of the redaction and 
dminutioa of classes. We can assign what at least itemt 
to bo a sufficient reoKm why, when reptiles formed aa a class 
the higliest representatives of the vertebrato, they should be 
of imposing bulk and strength, and altogether worthy of that 
post of precedence which they then occupied among the ani- 
mals. We can also assign a reamn for the strange reduction 
which took plajie among them in strength and bulk imme- 
diately on their removal tram the first to the second place. 
But why not only reduction, but also degradtiiiort t Why, as 
division started up in advance of division,- — first the reptiles 
in front of the fishes, then the quadrupedal mammals in front 
of the reptiles, and, last of all, man m front of the quadrupe- 
dal mammaia,— -should the supplanted classes, — two of tbem 
at least — fishes and reptiles — for there seem to bavt^ been no 
additions mode to the mammals since man entered upon the 
scene, — why should they have become the receptacles of orders 
andjamiliesofad^aded character, which ha,d no place among 
them in their monorchicBl state 1 The fishes removed be- 
yond all analogy with the higher vertebrata, by their homo- 
cercat t^ls, — the fishes fAoaalhiijiler^i and SHb-irrachiali) 
with their four limbs slang in a belt round their necks, — the 
Hat fishes (PItnroneetidtxJ, that, in addition to this deformity, 
are so twisted to a side, that while the oueeye occupieaa single 
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orbit in the middle of (be skull, the other is thrust oat to 
pdge, — the irreguhlr fishes generally {ann-fishes, frog-fishe^ 
hippocampi, &c,) were nul introduced into the ichthyic £- 
vision until after the full development of the reptile Ajnaety.i. 
nor did the hand that makes no slips in its working " forai 
the crooked aerpent," footless, grovelling, venoui-liearing, 
the authorized type of a fallen and degraded creature, 
until after the introduction of the niammals. What c 
this fact of d^radatioD mean 1 Species and genera aeem 
be gTW,tij more numerous in the present age of the world 
than in any of the geologic ages. Is it not possible that the 
extension of thech^n of being which has thus taken place, — 
not only, aa we Bnd, through the addition of the higher divi- 
vona of animals to its upper end, hut also through the inter- 
polations of Impfr I'mla into the previously existing divisions, — 
may have borne reference to some predetermined scheme tt-i 
well-proportioned gradation, or, according to the poet. 
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May not, in short, what we term degradation be merely a 
of the modes resorted to for tilling up the voids 
and thereby perfecting a Bcale which must have beea 
ginally not merely a scale of narrow compass, but also t 
innumerable breaks and hlanks, hiatuses and chasms T Bi 
certainly, would be the reading of the enigma which a 
Jenyns or a Bohnghroke would suggest; but the geologist hi 
learned from his science, that the completion of a chain 
least contemporary being, perfect in itfl gradations, cannot 
siblj have formed the design of Providence. Almost e 
since Uud united vitahty to matter, the links in 
aainuted nature, as if composed of a material t 
txvtr their own weight when stretched across the geoh 
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ages, have been dropping one after one from liis handj and 
sinking, fractured and broken, into the rocks below. It is 
urged bj Pope, that were " we to prosa on superior powera," 
and rise from our own assigned place to the place iminediale- 
ly above it, we would, in consequence of the transposition. 

Where, one step broken, the great scale's il astro jred. 
From BHture'B cliain whatever link wo strike. 
Tenth or ten thousandth, breaks thu chain »liku." 

The poet could scarce have anticrpated that there was n 
science then sleeping in its cradle, and dreaming the dreams 
of Whiston, Leibnitz, and Burnet, which was one day lo 
rise and demonstrate that both the tenth and the ten thou- 
randth link in the chain hod been already broken and laid 
bj, with all the thousands of links between , and that man 
might laudably " press on superior powera," and attain lo a 
"new nature," without in the least affecting the symmetry 
of creation by the void which his elevation would necessarily 
create ; that, in fine, voids and blanks in the scale are ex- 
ceedingly common things ; and that if men could, by rising 
into angels, make one blank more, they might do so with 
perfect impunity. Farther, even were the graduated chain of 
Bolinghroke a reality, and not what Johnson well designates 
it, an "absurd hypothesis," and were what I have termed the 
interpolation of links necessary to its completion, the mere 
filling up of the ori^nal blanks and chasms would not neces' 
sarily involve the fact of degradation, seeing that each blank 
conld bo filled up, if I may so expresa myself, from its lower 
end. Each could be as certainly occupied to the full by on 
elevation of lower forms, as by a humiliation of the fiigher. 
We might receive the hypothesis of Bolinghroke, and yet 
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find the mysterious fact of degradation remain an unsolved 
riddle in our hands. 

But though I can assign neither reason nor caute for the 
fact, I cannot avoid the conclusion, that it is associated 
with certain other great facts in the moral government of the 
universe, hy those threads of analogical connection which 
run through the entire tissue of Creation and Providence, and 
impart to it that character of unity which speaks of the single 
producing Mind. The first idea of every religion on earth 
which has arisen out of what may he termed the spiritual in- 
stincts of man's nature, is that of a Future State ; the second 
idea is, that in this state men shall exist in two separate classes, 
— the one in advance of their present condition, the other 
far in the rear of it. It is on these two great beliefs that con- 
science everywhere finds the fulcrum from which it acts upon 
the conduct ; and it is, we find, wholly inoperative as a force 
without them. And in that one religion among men that, 
instead of retiring, like the pale ghosts of the others, before 
the light of civilization, brightens and expands in its beams, 
and in favour of whose claim as a revelation from God the 
highest philosophy has declared, we find these two master 
ideas occupying a still more prominent place than in any of 
those merely indigenous religions that spring up in the human 
mind of themselves. The special lesson which the Adorable 
Saviour, during his ministry on earth, oftenest enforced, and 
to which all the others bore reference, was the lesson of" a 
final separation of mankind into two great divisions, — a divi- 
sion of God-like men, of whose high standing and full-orbed 
happiness man, in the present scene of things, can form no 
adequate conception ; and a division of men finally lost, and 
doomed to unutterable misery and hopeless degradation. 
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There is not in all Revelation a single doctrine which we 
find oftener or more clearly enforced than that there shall 
continue to exist, throughout the endless cycles of the fu-- 
ture, a race of degraded men and of degraded angels. 

Now, it is truly wonderful how thoroughly, in its general 
scope, the revealed pieces on to the geologic record. We 
know, as geologists, that the dynasty of the fish was succeed- 
ed by that of the reptile, — that the dynasty of the reptile was 
succeeded by that of the mammiferous quadimped, — and that 
the dynasty of the mammiferous quadruped was succeeded by 
that of man as man now exists, — ^a creature of mixed character, 
and subject, in all conditions, to wide alternations of enjoyment 
and suffering. We know, further, — so far at least as we have 
yet succeeded in deciphering the record, — that the several dy- 
nasties were introduced, not in their lower, but in their higher 
forms ; — that, in short, in the imposing programme of crea- 
tion it was arranged, as a general rule, that in each of the 
great divisions of the procession the magnates should walk 
first. We recognise yet further the fact of degradation spe- 
cially exemplified in the fish and the reptile. And then, 
passing on to the revealed record, we learn that the dy- 
nasty of man in the mixed state and character is not the 
final one, but that there is to be yet another creation, or, 
more properly, r^-creation, known theologically as the Re- 
surrection, which shall be connected in its physical com- 
ponents, by bonds of mysterious paternity, with the dynasty 
which now reigns, and be bound to it mentally by the chain 
of identity, conscious and actual ; but which, in all that con- 
stitutes superiority, shall be as vastly its superior as the dy-' 
nasty of responsible man is superior to even the lowest of the 
preliminary dynasties. We are farther taught, that at the 
commencement of this last of the dynasties there will be a re- 
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creation of not only elevated, but also of deg^raded beings, — 
a re-creation of the lod. We are taught yet further, that 
though the present dynasty be that of a lapsed race, which at 
their first introduction were placed on higher ground than 
that on which they now stand, and sank by their own act, it 
WAS y^t part of the original design, from the beginning of all 
thiiiK% that they should occupy the existing platform ; and that 
H^t^mption is thus no afterthought, rendered necessary by 
th^ FVillft hut, on the contrary, part of a general scheme, for 
whWh )4t>vi^on had beei made from the b^^inning ; so that 
th^ Uiviu^ Man, through whom the work of restoration has 
Ihh^^ t^AWttni, was in reality,in reference to the purposes of the 
Kt«»nml, what he is designated in the remarkable text, " the 
Um^ sUnmfivm the foundations of the world" Slain from the 
tlVmndations of the world ! Could the assertors of the stony 
neience ask for language more express ! By piecing the two 
records together, — that revealed in Scripture and that reveal- 
ed in the rocks, — ^records which, however widely geologists 
may mistake the one, or commentators misunderstand the 
other, have emanated from the same great Author, — we learn 
that in slow and solemn majesty has period succeeded period, 
each in succession usheringin a higher and yet higher scene of 
existence, — that fish, reptiles, mammiferous quadrupeds, have 
reigned in turn, — that responsible man, ** made in the image 
of God," and with dominion over all creatures, ultimately en- 
tered into a world ripened for his reception ; but, further, 
that this passing scene, in which he forms the prominent 
figure, is not the final one in the long series, but merely the 
last of the preliminary scenes ; and that that period to which 
the bygone ages, incalculable in amount, with all their well- 
proportioned gradations of being, form the imposing vestibule, 
shall have perfection for its occupant, and eternity for its 
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duration. I know not how it may appear to othcni ; but lor 
tny own liart, I i^sjiiiut avoid thinkiug tiut there would he a 
l&ck of proportion in the series of being, were the period of 
perfect ftod glorified humanity abmptlj connected, without 
the introduction of an intermediate creation of rripoatSiU im- 
perfection, villi that of the dying irrespotifiible brute. That 
HCene of things in which God became Man, and suffered, teemt, 
as it no doubt U, a necessary link in (he chain. 

I am awari! that I stand on the cunlinEjs of a mystery 
which man, since the first introduction of sin into the world 
till now, has "vainly aspired to conijircheod," But I have 
no new reading of the enigma to offer. I know not why it 
is Uiat moral evil exiatB in the universe of the AU-Wise and 
the All-Fowerful ; nor through what occult law of Deity it 
is that "perfection should come through suffering." The 
question, like that satellite, ever attendant upon our planet, 
which presents both its sides to the sun, but invariably the . 
same side to the earth, hides one of its faces from man, and 
turns it to hut the Eye from which all light emanates. And 
it is in that (iod-ward phase of the question that the mys- 
tery dwells. We can map and measure every protuberance 
and hollow which roughens the nether disk of the moon, as, 
during the shades of night, it looks down upon our path to 
cheer and enlighten ; but what can we know ot'the other ) It 
would, however, seem, that even in this field of mystery the 
extent of the inexplicable and the unknown is capable of 
reduction, and that the human understanding ia vested in an 
ability of progressing towards tlie central point of that dark 
field throughout all time, mayhap all eternity, as the asymp- 
tote progresses upon its curve. Even tliough the essence 
of the question should for ever remain a mystery, it may 
yet, ID its reduced and defined state, serve as a key for the 
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laying of other mysteries open. The philosophers are still 
as ignorant as ever respecting the intrinsic nature of gravi- 
tation ; but regarded simply as a force, how many enigmas 
has it not served to unlock ! And that moral gravitation 
towards evil, manifested by the only two classes of respon- 
sible beings of which there is aught known to man, and of 
which a degradation linked by mysterious analogy with a 
class of facts singularly prominent in geologic history is the 
result, occupies apparently a similar place, as a force, in the 
moral dynamics of the universe, and seems suited to perform 
a similar part. Inexplicable itself, it is yet a key to the so- 
lution of all the minor inexplicabilities in the scheme of Pro- 
vidence. 

In a matter of such extreme niceness and difficulty, shall 
I dare venture on an illustrative example ? 

So far as both the geologic and the Scriptural evidence 
extends, no species or family of existences seems to have 
been introduced by creation into the present scene of being 
since the appearance of man. In Scripture the formation of 
the human race is described as the terminal act of a aeries, 
" good" in all its previous stages, but which became ** very 
good" then ; and geologists, judging from the modicum of 
evidence which they have hitherto succeeded in collecting on 
the subject, — evidence still meagre, but, so far as it goes, in- 
dependent and distinct, — pronounce "post-Adamic crea- 
tions" at least " improbable." The naturalist finds certain 
animal and vegetable species restricted to certain circles, 
and that in certain foci in these circles they attain to their 
fullest development and their maximum number. And these 
foci he regards as the original centres of creation, whence 
in each instance in the process of increase and multiplica- 
tion, the plant or creature propagated itself outwards in cir- 
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cnlar wavelets of life, that mak at each stage as they widen- 
ed, tilt at length, at the circumfereace of the area, they wholly 
ceased. Now we find it argued by Professor Edward For- 
bes, that " since nmo's appearance, certain geological areas, 
Imth of land and water, have been formed, presenting such 
physical conditions as to entitle as to expect within their 
bounds one, or in some instances more than one, centre of 
creation, or point of maamum of a cooloffUal or botanieal pro- 
TtnBt, But a critical examination renders evident," the Pro- 
fessor adds, " that instead of showing distinct foci of crea- 
tion, they liave been in aJl instances peopled by colonization, 
i. e. by migration of species from pre-existing, and in every 
case pre-Adamic, provinces. Among the terrestrial areas 
the British isles may serve as an example ; among marine, 
the Baltic, Mediterranean, and BUick Seas. The British 
island.^ have been colonized from various centres of creotion 
in (now) continental Europe ; the Baltic Sea from the Celtic 
region, although it runs itself into the conditions of the 
Boreal one ; and the Mediterranean, as it now appears, frani 
the fauna and flora of the more ancient Lusitanian province." 
Professor Forbes, it is stated farther, in the report of hia 
paper to which I owe these details, — a paper read at the 
Rj>yal Institution in March last, — " exhibited, in support of 
the same view, a map, sliowing the relation which the cen^ 
tres of creation of the air-breathing molluscs in Europe bear 
to the geological history of the respective areas, aad proving 
that the whole snail population of its northern and oentntl 
extent (the portion of the Continent of newest and probably 
post-Adamic origin) had been derived from foci of creation 
seated in pre-Adamic lands. And these remarkable facts 
have induced the Professor," it was added, " to maintain the 
improbability of post-Adamic creations." 
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With the introduction of man into the scene of Existence, 
creation, I repeat, se^ns to have ceased. What is it that 
now takes its place, and performs its work ? During the 
previous dynasties, all elevation in the scale was an efPect 
simply of creation. Nature lay dead in a waste theatre of 
rock, vapour, and sea, in which the insensate laws, chemical, 
mechanical, and electric, carried on their bUnd, unintelli- 
gent processes : the weai^ne fiat went forth ; and, amid waters 
that straightway teemed with life in its lower forms, vege- 
table and animal, the dynasty of the fish was introduced. 
Many ages passed, during which there took place no farther 
elevation : on the contrary, in not a few of the newly intro- 
duced species of the reigning class there occurred for the first 
time examples of an asymmetrical misplacement of parts, and, 
in at least one family of fishes, instances of defect of parts : 
there was the manifestation of a downward tendency- to- 
wards the degradation of monstrosity, when the elevatory 
fiat again went forth, and, through cm cuit of oreation, the 
dynasty of the reptile began. Again many ages passed 
by, marked, apparently, by the introduction of a warm- 
blooded oviparous animal, the bird, and of a few mar- 
supial quadrupeds, but in which the prevailing class reigned 
undeposed, though at least unelevated. Yet again, however, 
the elevatory fiat went forth, and through an act of creation the 
dynasty of the mammiferons quadruped began. And after 
the further lapse of ages, the elevatory fiat went forth yet 
once more in an act of creation ; and with the human, heaven- 
aspiring dynasty, the moral government of God, in its con- 
nection with at least the world which we inhabit, " took be- 
ginning." And then creation ceased. Why ? Simply be- 
cause God's moral government had begun, — because in neces- 
sary conformity with the institution of that government, there 



won tu btf li thoTOugb identity maintained between the glori- 
fied and immortal beings of the terminal dynasty, and the 
dying magnates of the dynasty which now is ; and because, 
in consequence of the mnintenance of this identity an an 
exauntial condition of this moral government, mere aeli of 
lynaiiorL could uo longer carry on the elevatory process. 
The work analogoue in its end and object to those ueM 
cf/ artitivin which gave to our planet its BUcccsaive dynas- 
lies of higher and yet higher esistencea, is the work of 
UEDEUPtioN. it is the tilevatory prucess of the present 
time, — the only possible provision for that final act uf re- 
creation " to everlasting life," which shall usher in the ter- 
minal dynasty. 

I cannot avoid thinking that many of our theologians at- 
tach a too oarrow meaning to the remarkable reason " an- 
nexed to the Fourth Commandment" by the Divine Law- 
giver. " God rested on the seventh day," says the text, 
" from all his work which He had created and made ; and 
God blessed the seventh day, and sanctified it." And such 
is the reason given in the Decalogue why man should also 
rest OD Che seventh day. God rested on the Sabbath, and 
^nctiJied it ; and therefore man ought also to rest on the 
Sabbath, and keep it holy. But I know not where we shall 
find grounds for tbe belief that that Sabbath-day during 
which God rested was merely commensurate in its duration 
with one of the Sabbaths of short-lived man, — a brief period, 
measured by a single revolution of the earth uo its axis. We 
have not, as has been sliown, a shadow of evidence that Ue re- 
sumed his work of creation on the morrow : the geologist finds 
no trace of post-Adamic creation, — the theologian can tell 
us of none. God's Sabbath of rest may still exist \ — lie icunt 
0/ Redkuftiok may he the icorh of Ait Sabbat day. That 




elevatoiy process through succesmve at 
eagaged nim during myriads of ages, 
week-day character ; but when the term of tiU moral gt^^ 
vemment began, the elevatory process 
the Divine character of the Sabbath, This speoial 
pears to lend peculiar empbasis to the reason embodied 
the commandment. The colbtion of the passage with the 
geologic record seems, as if by a species of re-translation, to 
make it ennociate aa its injunotion, " Keep this day, not 
merely as a day of memorial related to a past fact, but aim 
as a day of co-operation with God in the work of elevation in 
relation both to a present fact and a future purpose. God 
keeps his Sahbath," it says, " in order that He may sava ' 
keep yours also. In order that ye may be saved." It 
besides, to throw light on the prominence of the Sabbatii 
command, in a digest of law of which no part or tittle 
pass away until the falfilmfnt of all things. During the pre- 
sent dynasty of probation and trial, that apeciat work of both 
God and man on which the character of the future dj 
depends, is the Sabbath-day work of saving and being : 
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It is in this dynasty of the future that luiui's moral ujid 
intellectual fecoltieB will receive their tall Uevelopmenl. 
The expectation of any very great advance in the present 



were immenBely proCriLCted periods, hu Sabbath mast alto be an 
Immensel; protracted period. The reason attacbed to the law of 
the Sabbath Beoma to be Bimpl;a reaion of proportion , — theobjee- 
tlon to which I refer is an objectiDn palpabl; founded on contiiitr- 
atiom of proportion. And oertainlj, were the reason lo be di- 
Tested of proportion, it wonld be diieated also of Its disUncdie 
character as a reason. Were It to run aa follows, it could not be 
at all understood :— " Six days shalt thoa labour, Ac., but on the 
seteoth da; shalt thou do no labonr, &c.; for in sis immenseli' 
protrMited periods of man; thooaand fears eacb did the Lord 
make the heavens and earth, &«,, and then rested during a brief 
da; of twentj-four boars; therefore the Lord blessed tile brief 
da; oftwenty-fonr hours, and hallowed it." This.I repeat, would 
not be reason. All, howBTer, that seeniB neeessar; to the inte- 
grity of the reason, in its character aa sach, is, that the proportion 
of six parts to eevpn should ba maintained. Sod's periods ma; be 
periods expressed algebraically b; letters a;mbolical of unknown 
quantity, and man's periods by letters apnbolloal of quantities 
nrelt known ; bnt If God's Sabbath be equal to one of his six 
irorkiug da;G, and man's Sabbath equal to one of hit aii working 
days, the integrit; of proportion Is maintained. When I see the 
palpable absardity of such a reading of the reason as the one 
given aboie, I can see no absurdity whatever in the reading 
which I subjoin: — "Six pertotb (a-a—a—a—a—a) ahall thou 
labour, &c., bnt on the seventh jwribd rb-nj shalt thon do no la- 
bour, &c.; for in six periodi (x—X'-x—m—x—x) the Lord made 
heaven and earth, Ad., and rested the seventh jMinstJ fy —aj j there- 
fore the Lord blessed the seventh period, and tuOIowad it. The 
reason, in its character as a reason of proportion, survives here in 
all its integrity. Man, when in bis nnfallen estate, bore the Image 
of God, bnt It must have been a miniature image at best ; — the 
proportion of man's week to that of bis Maker may, for aught 
that appears, be mathematicall; just in ILs proportions, and ;el be 
B miniature Imago too, — tbe mere scale of a map, on which Inchea 
represent geographical degrees. All those week-da;! and Sabbath- 
da;s of man which have come and goue since man £nt entered 
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scene of things, — great, at least, when, measured by man's 
kirge capacity of conceiving of the good and fair, — seems to be, 
like all human hope when restricted to time, an expectation 
doomed to disappointment. There are certain limits within 
which the race improves ; — civilization is better than the 
want of it, and the taught superior to the untau^t man. 
There is a change, too, effected in the moral nature, through 
that Spirit which, by working belief in the heart, brings its as- 
pirations into harmony with the realities of the unseen world, 
that, in at least its relation to the future state, cannot be esti- 
mated too highly. But conception can travel very far beyond 
even its best effects in their merely secular bearing ; nay, it 
is peculiarly its nature to show the men most truly the sub- 
jects of it, how miserably they fall short of the high standard 
of conduct and feeling which it erects, and to teach them, 
more emphatically than by words, that their degree of hap- 
piness must of necessity be as low as their moral attainments 
are humble. Further, — man, though he has been increasing 
in knowledge ever since his appearance on earth, has not 
been improving in faculty ; — a shrewd fact, which they who 
expect most from the future of this world would do well to 
consider. The ancient masters of mind were in no respect 
inferior in calibre to their predecessors. We have not yet 
shot ahead of the old Greeks in either the perception of the 
beautiful, or in the ability of producing it ; there has been 
no improvement in the inventive faculty since the Iliad was 
written, some three thousand years ago ; nor has taste become 



upon this sceno of being, with all which shall yet come and go. 
until the resurrection of the dead terminates the work of Redemp- 
tion, may be included, and probably are included, in the one Sab- 
bath-day of God. 
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more exijuisite, or the perception of the hflrniony of numbers 
mure niui!, Bitic(^ this age of the JEaelA. Science is cumu- 
lative io its character ; and so its votaries in modem times 
stajid on a, higher pedestal Chan their predecessors. But 
thou^ Batore produced u Newtou some two centaries ago, 
as she produced a Goliath of Gath at an earlier period, the 
modem philosophers, as a cIhbs, do not exceed id actual stft- 
ture the worse informed ancienta, — the Eaclids, Archime- 
deses, and Aristotles. We would be without excuse if, with 
thti Bacon, Milton, and Shaks^teare of these latter ages of the 
world full before us, we recurred to the obsolete belief tliat 
the human race is deteriorating ; but then, on the other hand, 
we have certain evidence, that since genius first began un- 
consciously to register in its works its own bulk and propor- 
tiuna, there has been no increase in the mass or improvement 
in thoquality of individual mind. As for the dream that there 
is to be some extraordinary elevation of the general platform 
of the race achieved by means of education, it is simply the 
hallucination of the age, — the world's present alchemical 
expedient for converting farthings into gnineas, sheerly by 
dint of scouring-. Not but that education is good : it exer- 
cises, and, in the ordinary mind, developes, fiKnlty. But it 
wilt not anticipate the terminal dynasty. Yet further, — man's 
average capacity of happiness seems to be as limited and as 
incapable of increase as his average reach of intellect : it is 
a mediocre capacity at best ; nor is it greater by a shade 
now, In these days of power-looms and portable manures, 
than in the times of the old patriarchs. So long, too, as the 
law of increase continues, man must be subject to the law of 
death, with its stem attendants, suffering and sorrow ; for 
the two laws go necessarily together ; and so long as death 
reigns, human creatures, in even the best of times^ will con- 
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tiuDe to quit this scene of being withont profesmng macli 
satisfaction at what the^ have found either in it or them- 
selves. It will no doubt be a leas miserable world than it 
now, when the good come, as there is reason to hope they 
one day shall, to be a majority ; but it will be felt to be aa 
inferior sort of world even then, and be even fuller than 
now of wishes and longings for a better. Let it improve as 
it may, it will be a scene of probation and trial till the 
end. And so Faith, undeceived by the mirage of the mid- 
way desert, whatever form or name, political or reUgioa% -m 
the phantBsmagoria may bear, must continue to look beyond- 1 
its unaolidand tremulous glitter, — its bare rocks exaggerated % 
by the vapour into air-drawn castles, and its stunted bushes 
magnified into goodly trees, — and, fixing her gaze upon tha - 
re-creation yet future, — the terminal dynasty yet unbegun, 
— she must be content to enter upon her final rest, — for s) 
will not enter upon it earlier, — " at return" 

" Of Him, (he Woman's Seed, 
Last in the clouds, from heaven to be rflvealed 
In glorj of tbo Father, to dissolve 
Satan with his peryerted world, llion raisii 
From thti coaflagrant mass, purged and refinpd, 
New heavens, new earth, Kgos of endless date. 
Fouuded in rigbteousnoEa, and peace, and loio. 
To bring forth fruits,— joy and eternal bliss." 

But it may be judged that I am trespassing on a field into 
which I have no right to enter. Savo, however, for its closa 
proximity with that in which the geologist expatiates a 
properly his own, this little volume would never hove been \ 
written. It is the fact that man must believingly co-uperat« 
with God in the woric of preparation for the final dynasty^ ] 
or exist throughout its never-ending cycles as a lost and d 
graded creature, that alone renders the development hyp»..J 
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thesis formidable. By inculcating that the elevatory process 
is one of natural law, not of moral endeavour, — by teaching, 
inferentially at least, that in the better state of things which 
is coming there is to be an identity of race with that of the ex- 
isting dynasty, but no identity of individual consciousness, — 
that, on the contrary, the life after death which we are to in- 
herit is to be merely a horrid life of wriggUng impurities, origi- 
nated in the putrefactive mucus, — and that thus the men who 
now live possess no real stake in the kingdom of the future, 
— it is its direct tendency, so far as its influence extends, to 
render the required co-operation with God an impossibility. 
For that co-operation cannot exist without belief as its basis. 
The hypothesis involves a misreading of the geologic record, 
which not merely affects its meaning in relation to the mind, 
and thus, in a question of science, substitutes error for truth, 
but which also threatens to affect the record itself, in rela- 
tion to the destiny of every individual perverted and led 
astray. It threatens to write down among the degraded and 
the lost, men who, under the influence of an unshaken faith, 
might have risen at the dawn of the terminal period, to enjoy 
the fulness of eternity among the glorified and the good. 



THE END. 
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" A highly amusing and interesting book, unitten by a remarkable man, 
who will infallibly be well known." — Leigk HunVs Journal. 

" A very pleasing and interesting book. The style has a parity and elegance 
which remind one of Irving, or of Irving's master, Goldsmith." — Spectator. 

" Mr Miller is evidently a man of singular reflective powers, deep and en- 
thusiastic feelings, and no small share of both humour and pathos." — Cham- 
bers's Journal. 

Adam & Charles Black, Edinburgh; Longman & Co. London. 
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Fourth Edition, price 3d. 

LETTER from ONE OF THE SCOTCH PEOPLE to the 
Right Hon. LORD BROUGHAM AND VAUX, on the 
Opinions expressed by his Lordship in the Auchterarder 
Case. 

" Over and above the judicial ailments in the Reports of the Auchterarder 
and Lethendy cases, the Church question has been discussed in a great variety 
of pamphlets, some of them very long and very able, others of them very long 
without being particularly able, and one of them particularly able without be- 
ing long ; I mean the elegant and masculine production of Hugh Miller, en- 
titled * A Letter to Lord Brougham.' " — Church Principles Considered in their 
Results, by W. E. Gladstone, jSg., M.P. 

John Johnstone, Edinburgh and London. 
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Second Edition, price 4d. 



The WHIGGISM of the OLD SCHOOL, as exempUfied in 
the PAST HISTORY and PRESENT POSITION of 
the CHURCH of SCOTLAND. 



" Thei first observation which strikes as with regard to this production is 
the admirable manner in which it is written. As a mere literary effort it 
mast rank very high, for the parity and excellence of its langaage, and the 
force and liveliness of its illustrations. Mr Miller is a master of English." — 
Inverness Courier. 



John Johnstone, Edinburgh and London. 



IV. 

Second Edition, price 7s. 6d. 

FIRST IMPRESSIONS of ENGLAND and its 

PEOPLE. 



" Thought is the prevailing element : good, sturdy, hard-working thought, 
such as we too seldom encounter in modem productions." — Athenamm. 

" This is precisely the kind of book we should have looked for from the au- 
thor of the ' Old Red Sandstone.' Straightforward and earnest in style, rich 
and varied in matter, these ' First Impressions' will add another laurel to the 
wreath which Mr Miller has already won for himself." — Westminster JReviete. 

" Mr Miller is a man of genius ; and whatever country he may visit, yon 
may be sure his ' Impressions' will have equal reference to the land and the 
people, to the geology 6f the region, and the humanity of it." — Brituk (Quar- 
terly Review. 

John Jonh stone, Edinburgh and London. 



V. 

Third Edition, with Plates, 7s. 6d. 

The OLD RED SANDSTONE ; or, NEW WALKS IN 

AN OLD FIELD. 

" The geological formation known as the Old Red Sandstone was long sap- 
posed to be peculiarly barren of fossils. The researches of geologists, espe- 
cially those of Mr Miller, have, however, shown that formation to be as rich 
in oi^ianic remains as any that has been explored. Mr Miller's exceedingly 
interesting book on this formation is just the sort of work to render any sub- 
ject popular. It is written in a remarkably pleasing style, and contains a 
wonderful amount of information." — Westminster Review. 
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The excellent and lively work of our meritorious self-taught country- 
man, Hugh Miller. This work is as admirable for the clearness of its de- 
scriptions and the sweetness of its composition, as for the purity and grace- 
fulness that pervades it." — JSdinburgh Review. 

" This admirable work, the production of a man who obtained his geologi- 
cal knowledge while working day by day as a labourer in a quarry of the Old 
Red Sandstone in the north-east part of Scotland, evinces talent of the 
highest order, a deep and healthful moral feeling, a perfect command of the 
finest language, and a beautiful union of philosophy and poetry. No geo- 
logist can peruse this volume without instruction and delight. It affords an 
admirable synopsis of the formation between the Granitic Schists and the 
Coal Measures ; and, indeed, embraces an enlarged and highly philosophical 
view of the science, and of its relation to the Creator." — Professor SUliman's 
American JoumcU of Science. 

" A geological work has appeared, small in size, unpretending in spirit and 
manner, — its contents the conscientious and accurate narrative of fact, — its 
style the beautiful simplicity of truth, — ^and altogether possessing, for a ra- 
tional reader, an interest superior to that of a novel ; — ^the Old Red Sand- 
stone/ by Hugh Miller." — I)r Pye Smith's Relation between Sciripture and 
Geology. 

" In Mr Miller's charming little work will be found a very graphic descrip- 
tion of the Old Red fishes. I know not a more facinating volume on any 
branch of British Geology. — Mantell's Medals of Creation. 

" In Mr Miller we have to hail the accession to geological writers of a man 
highly qualified to advance the science. His work, to a beginner, is worth a 
thousand didactic treatises." — Sir Rod. Mwrchison's Address to the Oeologieal 
Society, 1842. 

"II semble que de toute part le terrain d^vonien aoquiert une nouvelle 
importance. M. Hugh Miller vient de faire connaitre en detail, dans un Jolt 
volume intitule " The Old Red Sandstone," toutes les riohesses que ce terrain 
renferme dans les environs de Cromarty. Le premier, il a d^jouvert ces fos- 
siles de forme bizarre, k caractdres h^^rogenes, que I'on a tantot vonlu ranger 
parmi les Tortues, tantot parmi les Crustac^, et que qnelques naturalistes 
ont m6me pris pour de grands Coleoptdres aquatiques, et dont je crois avoir 
reconnu le veritable nature, en les rangeant parmi les poissone, ch lis forment 
un genre k part que j'ai design e sous le nom de Pterichthys." — Agassiz. 



BRITISH ASSOCIATION FOR THE ADVANCEMENT OP SCIENCE. 

Wednudap, September 23, 1840. 

SKCnON c. — asouMV awd puybical okooraphy. 
Mr LyeU in the Chair. 

" Mr Marchison gare an account of tho inyestigations and discoveries of 
Mr Hugh MiUer of Cromarty (now Editor of the " Witness") in the Old Bed 
Sandstone. Various members of a great family of fishes, existing only in a 
deposit of the very highest antiquity, had been discovered by Mr Miller, Dr 
Fleming, Dr Malcolmsou, and other gentlemen. M. Agassis had found these 
fishes to be characterized by the peculiarity of not having the vertebral colomn 
terminated at the centre of the tail, as in the existing species, but at its ex- 
tremity. He spoke in the highest terms of Mr Miller's perseverance and in- 
genuity as a geologist. With no other advantage than a common education, 
by a careful use of his means, he had been able to give himself an excellent 
education, and to elevate himself to a positiim which any man in any sphere 
of life might well envy. Mr Murchison added, that he had seen some of Mr 
Miller's papers on Geology, written in a style so beautiful and poetical, aa to 
throw plain geologists like himself into the shade. (Cheers.) The fish dis- 
covered by Mr Miller, one or two fine specimens of which were on the table, 
was yet without a name ; and perhaps M. Agassiz, who would now favour 
them with a description of the class to which it belonged, would assign it 
one. 

" M. Agasaiz stated, that since he first saw, five or six years ago, the fishes 
of the old deposits, they had increased to such an extent as to enable him to 
connect them with one large geological epoch. This had been still further 
established by their having been found in the same formation by Mr Murchi- 
son in Russia, and Mr Miller in Ross-shire. These fishes were characterized 
in the most curious way he had ever seen. After briefly adverting to their 
peculiarities, as illustrated by the specimens on the table, M. Agassiz pro- 
posed to call Mr Miller's the Pterichthys Milleri. la the course of a subse- 
quent conversation, the learned Professor added, that in lately examining 
the eggs of the salmon, he had observed that in the foetal state of these 
fishes they have that unequally divided condition of tail which characterizes 
»o large a portion of the fishes in the older strata, and which becomes so rare 
in the fishes of the cretaceous and post -cretaceous formations. 

" Dr Buckland said, he had never been so much astonished in his life by 
the powers of any man as he had been by the geological descriptions of Mr 
Miller, which had been shown to him in the "Witness" newspaper by his 
friend Sir C. Menteatb. That wonderful man described these objects with 
a facility which made him ashamed of the comparative meagreness and poverty 
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of bii» own description in the " Bridgewater Treatise," which had cost him 
huura and days of labour. He (Dr Buckland) would give his left hand to 
possess such powers of description as this man ; and if it pleased Providence 
to spare his useful life, he, if any one, would certainly render the science at- 
tractive and popular, and do equal service to Theology and Geology. It must 
be gratifying to Mr Miller to hear that his discovery had been assigned his 
own name by such an eminent authority as M. Agassix ; and it added another 
proof of the value of the meeting of the Association, that it had contributed 
to bring such a man into notice." — Extract from the Report of ilif Ptoceedinyn 
of the AMOciation. 

John Johnstone, Edinburgh and London. 
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